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Introduction

The Psychoactive Substances Act 2016

‘Legal highs’, which began appearing in the UK in the mid-2000s, 
were aimed at a niche middle class demographic of experimental 
users (‘psychonauts’) interested in exploring recreational drug 
diversity (Peacock et al., 2019). Indeed, they were especially pop-
ular amongst young people who – at this point – were able to 
legitimately purchase them online and from local ‘head shops’ – 
establishments specialising in the sale of legal recreational drugs 
and paraphernalia (Pillay and Kelly, 2010). The appeal of these 
substances over more traditional drugs of abuse appears to have 
stemmed from their legal status, that they did not appear on stand-
ard drug tests, and were cheap and readily available (Bonar et al., 
2014; Brunt et al., 2017; Mathews et al., 2019; Weinstein et al., 
2017). The UK Government sought to reduce the rate of use of 
these ‘legal highs’, consequentially implementing the UK 
Psychoactive Substances Act (PSA), which came into effect on 
May 26th 2016 (UK-Government, 2016). The PSA was designed 
to ‘prohibit the distribution of non-controlled novel psychoactive 
substances’ (NPS), making the manufacture and supply of all NPS 
that hitherto had been legal, a punishable offence (UK-Government, 

2016). The PSA was motivated by the belief that prohibition of 
NPS would reduce the health-related harms thought to be associ-
ated with them and curtail the efforts of new and emerging drug 
dealers (UK-Government, 2016). Prior to the PSA, illicit psycho-
active substances were controlled individually under the Misuse 
of Drugs Act (MDA), 1971 (UK-Government, 1971). A labour-
intensive and time-consuming process, the banning of substances 
under the MDA was based on the molecular structure of sub-
stances and the evidenced harms that these chemicals pose 
(UK-Government, 1971). In the time it took for the Advisory 
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Council on the Misuse of Drugs (ACMD) to prepare evidence to 
support new MDA controls, underground chemists were already 
at work making small but significant changes to the molecular 
structure of these drugs to create new compounds that circum-
vented these controls (ACMD, 2011; Nutt, 2020; UK-Government, 
1971). In an effort to address this, temporary class drug orders 
(TCDOs) were introduced in November 2011 whereby NPS caus-
ing sufficient concern for potential harms could be temporarily 
controlled under the MDA whilst evidence was being gathered. 
However, TCDOs still required identification of specific com-
pounds and preliminary evidence of their potential harms (UK 
Home Office, 2011). Therefore, the PSA has largely replaced the 
issuance of TCDOs, and works together with the MDA in concert, 
with the PSA acting as the immediate prohibitive legislature for 
NPS manufacture and distribution whilst the required evidence 
for their banning under the MDA is collected. The maximum pen-
alties under the PSA are generally more lenient than those of the 
MDA (and TCDOs, which follow MDA penalties) (UK Home 
Office, 2011). Indeed, whilst the PSA came under criticism when 
first introduced for its loose definition of psychoactive substances 
(see ‘Novel Psychoactive Substances’ below; (ACMD, 2015), 
which could be interpreted as banning, amongst other things, 
flowers, perfume and the use of incense in churches (Dunt, 2015), 
it was praised by drug policy reformers for not criminalising pos-
session of NPS for personal consumption (Transform, 2021). This 
was seen by some lobbyists as a positive step towards the ‘Portugal 
model’ of decriminalising possession whilst keeping supply ille-
gal (Cowan, 1986; Félix and Portugal, 2017). However, with the 
closure of ‘head shops’, the sourcing of NPS switched to street 
dealers and the darknet (Deligianni et al., 2020), both which carry 
their own risks: The former exposes NPS users to dealers who 
want to sell more dangerous other drugs, and the latter makes 
users potentially prosecutable under the PSA as purchase of NPS 
online (Deligianni et  al., 2020; Miliano et  al., 2018), even if 
intended for personal use, could be classed as import. Whilst there 
have been successful prosecutions made under the PSA, debate 
around whether a substance can be classed as an NPS (for exam-
ple, whether it has direct or indirect effects on the central nervous 
system (Fortson, 2018) has elongated case proceedings demon-
strating high complexity in its implementation and concomitant 
financial burden.

Novel psychoactive substances

The ACMD first used the ‘NPS’ term in their 2011 report on 
‘legal highs’. They defined NPS as: ‘Psychoactive substances 
which are not prohibited by the United Nations Single Convention 
on Narcotic Drugs or by the MDA, 1971, and which people in the 
UK are seeking for intoxicant use’ (ACMD, 2011). Although 
aspects of this definition informed much of the thinking behind 
the PSA legislation, the Act does not explicitly preface the ban-
ning of psychoactive substances with the word ‘novel’ (Mdege 
et al., 2017). Instead, the PSA adopted a much broader banning 
of: ‘All substances that act to stimulate or depress brain function’ 
(UK-Government, 2016). With the exception of foods, alcohol 
and psychoactive substances used for medicinal purposes, a vast 
number of drugs were made subject to the provisions of the Act 
(UK-Government, 2016). An all-encompassing definition, the 
PSA was intended to ensure that no newly made or newly repur-
posed drugs escaped legislative control.

PSA and NPS

The UK remains one of the biggest consumers of NPS in Europe 
(Global-Drugs-Survey, 2019). Given this, the introduction of the 
PSA has instigated research into its efficacy as a deterrent for 
NPS-taking behaviours (Reuter and Pardo, 2017). Deligianni 
et al. (2020) recently published survey results on the impact of 
the PSA on people’s use and awareness of health risks associated 
with NPS. Self-reporting from 894 participants revealed an 
increase in use of NPS amongst the sample group along with a 
downwards trend in respondent’s awareness of associated health 
risks (Deligianni et  al., 2020), findings in line with that of the 
Home Office’s own assessment in 2018 (UK Home Office, 
2018). They conclude that a more systematic approach is needed 
to assess the effectiveness of the PSA as the results from their 
study revealed no significant change in attitudes to NPS use since 
its introduction (Deligianni et al., 2020).

As yet, there has been no systematic analysis of drug-related 
deaths (DRDs) before and after the introduction of the PSA. A sys-
tematic analysis will produce a much more conclusive picture of 
the impact of the PSA on public health – a supposition in keeping 
with a long history of using DRDs as an objective metric for the 
potential harm of drugs (Corkery et al., 2020). In this paper we 
look at DRDs from England, Wales and Northern Ireland in which 
NPS were detected at post-mortem in the 3 years pre- and post-
introduction of the PSA. Our analysis has revealed an overall 
increase in NPS DRD reporting since the introduction of the PSA 
in 2016. Based on toxicology reports submitted to the National 
Programme on Substance Abuse Deaths (NPSAD) by coroners, 
our research allows for commentary on the impact of the PSA and 
in turn broader UK drug legislation. Our results underscore the 
debate around banning drugs versus regulating them and postulate 
on the effect the PSA has had on other drug-taking behaviours. 
This research aims to add to the growing evidence-base on NPS in 
order to better inform policy and achieve NPS harm reduction.

Method

National programme on substance abuse 
deaths

Data were collated from case reports submitted to NPSAD, which 
receives regular voluntary coroner’s reports on DRDs from 75 of the 
93 coronial jurisdictions (80.6%) in England, Wales and Northern 
Ireland. Reports were previously received from the Scottish Crime 
and Drug Enforcement Agency, but these ceased in 2011. A death is 
deemed drug-related by coroners where drugs were considered con-
tributory to the death occurring. Cases include deaths from prescrip-
tion medications, recreational drugs, NPS and intravenous drug use. 
Coroners investigate deaths resulting from a range of causes deemed 
to be unnatural; this includes violent and sudden deaths, unexplained 
deaths, deaths that occur before a patient comes out of anaesthetic as 
well as deaths caused by industrial disease or poisoning. Toxicology 
tests are requested dependent upon individual case circumstances 
and at the discretion of the coroner. The average time between death 
and conclusion of coronial inquest, which is when cases are reported 
to NPSAD, is 7.2 months.

The King’s College London Biomedical and Health Sciences, 
Dentistry, Medicine and Natural and Mathematical Sciences 
Research Ethics SubCommittee (BDM RESC) confirmed in 
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November 2020 that NPSAD does not require REC review as all 
subjects are deceased. Neither the General Data Protection 
Regulation nor the Data Protection Act apply to identifiable data 
that relate to a person once they have died. Nevertheless, per-
sonal data of deceased individuals were treated with the strictest 
confidentiality and anonymised for analysis purposes.

Case Identification

NPS were defined as psychoactive compounds not under the control 
of the MDA or a TCDO prior to May 26th 2016. Cases where NPS 
were administered prior to death were identified by searching the 
post-mortem drug fields for mention of all NPS detected in cases 
reported to NPSAD. All cases contained toxicology evidence con-
firming the presence of NPS metabolites and/or parent molecules in 
decedents’ post-mortem tissue(s). Toxicological evidence and drug-
related coronial conclusions were used as the criteria for defining an 
NPS case rather than cause(s) of death, as it is not uncommon for 
ambiguous drug-related causes to be cited (e.g. multi-drug toxicity, 
polydrug abuse), or environmental factors that caused death as a 
result of drug use (e.g. fall from a height) to be listed.

Case analysis

IBM® SPSS software (version 25) was used for case extraction 
and analysis. All cases reported to NPSAD as of September 1st 
2020 where death had occurred during the 6 year period (26th May 
2013–25th May 2019) were extracted. It is expected that the vast 
majority of qualifying cases will have been reported to NPSAD at 
time of writing, as over 15 months (i.e. twice the usual time 
between death and conclusion of coronial inquest) had elapsed 
between the end of the study period and date of data collection. 
Cases were then categorised as NPS or non-NPS cases dependent 
upon whether or not NPS were detected in post-mortem tissue(s) 
according to Home Office publications on MDA and PSA con-
trolled drugs (UK government, 1971). Cases were then further cat-
egorised into deaths that occurred in the 3 year period before the 
introduction of the PSA (May 26th 2013–May 25th 2016) and 
those that occurred afterwards (May 26th 2016–May 25th 2019).

Statistical tests (Student’s t test, Chi Squared) were performed 
using IBM® SPSS software (version 25).

Deprivation deciles were determined by postcode matching 
the usual address of decedents with the English, Welsh and 
Northern Irish Indices of Deprivation calculators.

Results
As of September 1st, 2020, 11,253 deaths had been reported to 
NPSAD that had occurred between 26th May 2013 and 25th May 
2019. In 293 of these deaths (2.6% of all cases) NPS were 
detected, with a total of 363 individual NPS detections made 
from these cases (i.e. in some cases multiple NPS were detected). 
Of these 293 deaths where NPS were detected, 91 occurred in the 
3 years prior to implementation of the PSA (31.1%), with 202 
afterwards (69.9%), representing a 222.0% increase in deaths 
with NPS detections following introduction of the PSA. By com-
parison, the overall number of non-NPS DRDs reported to 
NPSAD increased by only 8.0% (5269 deaths pre-PSA, 5691 
deaths post-PSA). Furthermore, when normalised against total 

NPSAD reporting over the same time period to account for fluc-
tuations in raw NPSAD reporting figures, the increase in deaths 
with NPS detected remains, demonstrating that there has been a 
proportional rise in their occurrence (data not shown). 32 differ-
ent NPS were detected: nine still subject to the PSA at the time of 
writing, with the other 23 drugs having been subsequently spe-
cifically controlled under the MDA. In 96.6% of cases 
(n = 283/293) drug use was cited as a cause of death, with 84.5% 
of cases (n = 239/283) specifically citing the NPS.

Types of NPS

NPS were categorised by their chemical structure and pharmacol-
ogy in accordance with the European Monitoring Centre for Drugs 
and Drug Addiction descriptions as synthetic cannabinoid receptor 
agonists (SCRAs), stimulants, hallucinogens, opioids or anxio-
lytic/sedatives (Table 1). Detections of hallucinogens (0.6% of 
detections, n = 2/363) and opioids (1.9% of detections, n = 7/363) 
comprised a small proportion of all NPS detections (Figure 1; 
Table 1). SCRAs (53.7% of detections, n = 195/363), anxiolytic/
sedatives (31.7% of detections, n = 115/363) and stimulants (12.1% 
of detections, n = 44/363) formed a much greater proportion of 
total detections, with deaths positive for SCRAs and anxiolytics/
sedatives having risen, and those involving stimulants having 
fallen since the introduction of the PSA (Figure 1; Table 1). Whilst 
the rise in deaths with SCRAs detected post-PSA can be mainly 
attributed to increased detections of the compounds 5F-MDMB-
PINACA (1.0% of pre-PSA detections; 22.6% of post-PSA detec-
tions) and AB-FUBINACA (0.5% of pre-PSA detections; 9.9% of 
post-PSA detections), there were reductions in detections of other 
SCRA compounds, such as 5F-APINACA (2.5% of pre-PSA 
detections; 0.5% of post-PSA detections) and 5F-QUPIC (2.0% of 
pre-PSA detections; 0.8% of post-PSA detections). Similarly, the 
increase in anxiolytic/sedatives detections can be majority attrib-
uted to a single anxiolytic compound – etizolam (4.3% of pre-PSA 
detections; 15.3% of post-PSA detections). The fall in deaths with 
stimulants detected post-PSA can be majority attributed to 
decreased detections of methoxphenidine (5.6% of pre-PSA detec-
tions; 0.3% of post-PSA detections).

Control status

14.0% (n = 55/363) of NPS detections were of NPS still con-
trolled under the PSA at time of writing. 76.4% of these detec-
tions (n = 42/55) occurred in the 3 years prior to the introduction 
of the PSA, with 23.6% (n = 13/55) occurring afterwards.

NPS drugs that initially were subject to the PSA when it was 
first introduced but have subsequently been specifically con-
trolled by the MDA account for the largest proportion of NPS 
detections (86.0%, n = 338/363). Of the 338 detections in this cat-
egory, 22.8% (n = 77/338) occurred before the introduction of the 
PSA with 77.2% (n = 261/338) occurring afterwards.

Deaths from established MDA-controlled 
drugs

DRDs relating to MDMA, cocaine and the benzodiazepine alpra-
zolam are of particular interest as they each contributed to more 
deaths in the 3 years following introduction of the PSA, in 
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comparison to the 3 years prior to its introduction (MDMA 160 
deaths pre-PSA, 210 deaths post-PSA; cocaine 1346 deaths pre-
PSA, 2393 deaths post-PSA; alprazolam 27 deaths pre-PSA, 318 
deaths post-PSA). Whilst this is not an extensive list of more com-
monly used drugs, our interest in them has emerged from the Home 
Office’s published report on the potential displacement of PSA 
banned NPS with more traditionally used substances (UK Home 
Office, 2018). The 77.8% post-PSA increase in deaths for which 
cocaine was detected at post-mortem is especially note-worthy in 
light of the 77.8% drop in DRDs where novel stimulants were 
detected since the PSA was introduced (Figure 1; Table 1).

Demographics

For both NPS and non-NPS cases, males accounted for a signifi-
cant majority of deaths pre- and post-PSA (Table 1). Furthermore, 
NPS cases were significantly more likely to be male than non-NPS 

cases (87.7% vs 72.0%; p < 0.01). In cases with NPS detected, 
decedents were significantly older at time of death (p < 0.1) in the 
post-PSA period whereas the average age at time of death for non-
NPS decedents remained unchanged (Table 2; Figure 2(a)). 
Decedents who died following NPS administration after the intro-
duction of the PSA were – compared to those who died before the 
Act was introduced – significantly more likely to be from the most 
deprived areas of the UK (deprivation deciles 1-3; pre-PSA 50.0% 
vs post-PSA 65.9%; p < 0.1) (Figure 2(b)). Furthermore, the pro-
portion of decedents where NPS were detected who were living in 
private residential accommodation significantly reduced (Table 2, 
p < 0.01), and those listed as homeless, living in a hostel or resid-
ing in prison significantly rose, following introduction of the PSA 
(Table 2; p < 0.01). Finally, the proportion of decedents with no 
prior history of drug abuse significantly reduced following intro-
duction of the PSA (20.9% pre-PSA, n = 19/91; 6.9% post-PSA, 
n = 14/202).

Table 1.  NPS detections by drug class pre- and post-introduction of the PSA where death occurred between May 26th 2013 and May 25th 2019.

Drug class NPS Number of deaths Number of deaths

Pre-PSA Post-PSA

Synthetic cannabinoids 38 157
Initially PSA, now MDA 4F-MDMB-BINACA 0 6

5F-AMB 0 1
5F-APICA 3 0
5F-APINACA 10 2
5F-MDMB-PICA 0 5
5F-MDMB-PINACA 4 89
5F-MMB-PICA 0 2
5F-QUPIC 8 3
AB-CHIMINACA 3 0
AB-FUBINACA^ 2 39
AB-PINACA 1 0
APP-BINACA 0 1
MDMB-4en-PINACA 0 1
MDMB-CHMICA 6 6
MMB-CHMICA 0 2
QUCHIC 1 0

Anxiolytics/sedatives 39 76
PSA Controlled Flualprazolam 0 4
Initially PSA, now MDA Diclazepam 6 8

Etizolam 17 60
Flubromazepam 13 3
Flubromazolam 2 0
Pyrazolam 1 1

Stimulants 36 8
PSA controlled 2-AI 1 2

1,2-Diphenidine 4 0
3-FPM 7 3
5-IAI 1 1
Methoxphenidine 23 1

Initially PSA, now MDA 4-Fluoromethylphenidate 0 1
Opioids 5 2
PSA controlled Kratom 5 1
Initially PSA, now MDA U47700 0 1
Hallucinogens 1 1
PSA controlled Methoxypiperamide 1 1



Deen et al.	 1319

Discussion
Our results complement the 2018 Home Office review of the 
PSA, which found NPS to constitute a small proportion (4.7%) of 
total drug use in England and Wales (UK Home Office, 2018). 
The Home Office intended the PSA to dissuade individuals – 
especially young people – from using NPS; it also hoped to 
reduce health and social harms associated with these substances 
(Al-Banaa et al., 2020). Whilst fluctuations in NPS use since the 
introduction of the PSA allow for some commentary on the effi-
cacy of the policy, a more objective assessment can be reached 
through a comparative analysis of NPS-associated fatality before 
and after the Act was brought in. Corkery et al. argue that DRDs 
are the most important metric for potential drug-associated harm; 
till now however no such comprehensive evaluation of the Act’s 
impact on NPS-associated fatality has been published (Corkery 
et al., 2018; Hill, 2020).

Whilst we show an increase in DRDs positive for NPS since 
the introduction of the PSA, the majority of the deaths with NPS 
detected occurring in the post-PSA period are of NPS that have 
since been specifically controlled under the MDA. This indicates 
that the proactive PSA is indeed controlling harmful NPS whilst 
the required evidence for their subsequent reactive control by the 
MDA is gathered. However, neither the PSA nor the MDA appear 
to be deterring NPS use that precedes death.

Skewed by SCRAs

SCRAs comprise the majority of NPS detections. Incidences of 
death following SCRA use – both from SCRAs deemed to be NPS 
by this study and SCRAs specifically controlled under the MDA 
prior to implementation of the PSA – have dramatically increased in 
recent years, with no evidence of impact of the PSA on their report-
ing rates (Yoganathan et al., 2021). This apparent lack of relation-
ship between the PSA and SCRA fatality rates requires further 
research, particularly with regards to the development of a more 
appropriate service response rather than further legislative change.

Motivations for SCRA use do not appear to derive from the 
enjoyment of their effects; conversely, SCRA users have indicated a 
preference for herbal cannabis as SCRAs are cited to elicit negative 
effects (Castaneto et  al., 2014; Smith and Staton, 2019). Rather, 
SCRA use prior to the PSA appears to have been driven by their 
legal status, that standard drug tests do not include those that can 
detect SCRAs, and that they were cheap and readily available (Bonar 
et al., 2014; Brunt et al., 2017; Gunderson et al., 2014; Mathews 
et al., 2019; Scourfield et al., 2019; Weinstein et al., 2017). Indeed, 
following the control of many SCRA compounds as class B sub-
stances under the MDA or under the PSA, SCRA use in the general 
population was observed to decline (Blackman and Bradley, 2017). 
However, significant prevalence in some vulnerable sub-groups 
remains, particularly homeless individuals and those imprisoned 

Figure 1.  Detections by NPS type in cases reported to NPSAD from England, Wales and Northern Ireland where death occurred between May 26th 
2013 and May 25th 2019. Year periods are between May 26th and May 25th.
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who continue to use SCRAs due to their accessibility and difficulty 
in analytical detection (Blackman and Bradley, 2017; Brunt et al., 
2017; Felvinczi et al., 2020; Ford and Berg, 2018; Norman et al., 
2020; Peacock et al., 2019; Scourfield et al., 2019; Weinstein et al., 
2017). Indeed, a major driver for SCRA use is their lack of odour 
during consumption, and lack of appearance on standard drug 
screens – factors that are well documented in the use of cannabis 
itself (Gray et al., 2021). Furthermore, SCRAs are reportedly both 
cheaper and more readily accessible than cannabis, with SCRA deal-
ers actively approaching users, negating even the need to seek them 
out (Gray et al., 2021). SCRA use also appeals to these individuals 
due to their strongly intoxicating effects: they have been described to 
provide release from insufferable circumstances by enabling disen-
gagement with reality (Blackman and Bradley, 2017; Csák et  al., 
2020; Ellsworth, 2019; Gray et al., 2020).

There is a constantly shifting pattern of SCRAs that are domi-
nant within the NPS market (Castaneto et  al., 2014; Wedinos, 
2019). The SCRAs that are most abundant at any particular time 

reflect legal changes, not just within the UK, but internationally 
and particularly in China, the major producing country (Norman 
et  al., 2020). However, reports of deaths where SCRAs were 
detected to NPSAD are projected to persist at a rate of ~50 deaths 
per year, indicating the need for alternate intervention approaches 
(Yoganathan et al., 2021). A ban citing commonly used names for 
SCRA preparations (e.g. ‘Spice’, ‘K2’, ‘Kronic’ and ‘Mamba’) as 
opposed to specific SCRA molecular structural variants may prove 
more effective, as was observed in Australia (Cairns et al., 2017).

Displacing and replacing NPS

Prior to the PSA, Moore et al. carried out research into whether 
NPS displace, supplement or act as gate-way drugs for estab-
lished drug use (Moore et  al., 2013). They found in the case  
of the now-MDA-controlled mephedrone, that it was used to 
supplement rather than displace or replace other established 

Figure 2.  (a) Percentage of NPS cases by age range, and (b) deprivation decile by postcode of usual address of decedents with NPS detected at 
post-mortem, pre- and post-introduction of the PSA reported to NPSAD from England, Wales and Northern Ireland where death occurred between May 
26th 2013 and May 25th 2019.

Table 2.  Gender, age and usual living circumstances of decedents in cases where NPS were and were not detected and reported to NPSAD from 
England, Wales and Northern Ireland where death occurred between May 26th 2013 and May 25th 2019.

NPS cases Non-NPS cases

  Pre-PSA Post-PSA Pre-PSA Post-PSA

Gender
Men 90.1% (n = 82) 86.6% (n = 175) 71.8% (n = 3783) 72.2% (n = 4108)
Women 9.9% (n = 9) 13.4% (n = 27) 28.3% (n = 1483) 27.8% (n = 1583)
Mean age 34.4 ± 10.8 38.3 ± 9.4 42.1 ± 12.5 42.7 ± 12.8
Usual living circumstances
Private residential 94.5% (n = 86) 74.8% (n = 151) 93.3% (n = 4919) 92.21% (n = 5247)
Hostel 3.3% (n = 3) 5.9% (n = 12) 1.9% (n = 99) 2.0% (n = 111)
Homeless 2.2% (n = 2) 11.9% (n = 24) 3.0% (n = 160) 3.9% (n = 223)
Prison – 3.5% (n = 7) 0.1% (n = 6) 0.1% (n = 7)
Unknown – 1.0% (n = 2) 0.1% (n = 7) 0.3% (n = 15)
Other^ – 3.0% (n = 6) 1.5% (n = 79) 1.5% (n = 87)

^Other: Rehab, Hotel, Nursing Home, Hospital, Boat, Business Address, Motor Vehicle, Caravan.
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stimulants like cocaine and ecstasy (Moore et  al., 2013). Our 
results show a fall in NPS stimulant detections, but a rise in 
deaths involving established stimulants such as cocaine and 
MDMA in the period after introduction of the PSA. The higher 
cost of traditional drugs of abuse compared to NPS drugs was 
found to be one of the primary motivations for some NPS use 
prior to the PSA – as such these NPS served to displace more 
expensive established drugs (Deligianni et al., 2020; Smith and 
Garlich, 2013). Despite Moore et al.’s findings, this was found 
to be especially true for some party goers who took mephedrone 
(2011). Post-PSA the fall of NPS stimulant but rise in MDMA 
and cocaine deaths is multi-factorial, with MDMA having 
become more readily available, and cocaine having become 
both cheaper and purer over the 6 year study period likely hav-
ing impact upon their more widespread use (Corkery et  al., 
2017; Rice et al., 2020). That said, evidence of their displace-
ment by analogous NPS before the PSA, as well as our results 
showing the increase in DRDs from MDMA and cocaine since 
these analogues became banned, points to the potential for the 
PSA to have contributed to users turning or returning to estab-
lished stimulants.

Our analysis also indicates a resurgence in deaths with detec-
tions of the NPS benzodiazepines flualprazolam and etizolam. 
This complements research published by McNamara et al. on the 
increased use of these benzodiazepines in vulnerable populations 
in Ireland (Mc Namara et  al., 2019), a trend which has also 
emerged on a global scale (Nielsen and McAuley, 2020). The 
lower number of deaths involving other NPS anxiolytic/sedatives 
may – like the established stimulants – be a case of anxiolytic/
sedative NPS use being displaced by increasingly available MDA 
controlled benzodiazepines, such as alprazolam (Hockenhull 
et al., 2019) and indeed etizolam itself – the latter both prior to 
and after its control under the MDA in May 2017.

A devolving demographic

Like almost all DRDs in the UK, deaths with NPS detected are 
most prevalent amongst males under the age of 45 (Corkery 
et al., 2014). Specific to the potential impact of the PSA, dece-
dents were on average older and more likely to have been resid-
ing in the most deprived areas of the UK or even homeless after 
introduction of the PSA. This may be due to the evolving reputa-
tion of NPS: The young middle class demographic of experimen-
tal users (‘psychonauts’) interested in exploring recreational drug 
diversity originally encouraged NPS use on online discussion 
forums but now actively deter others from their use (Bilgrei, 
2016; Peacock et al., 2019). This may also be a driving factor for 
the decreasing trend in deaths in individuals who did not have an 
established history of substance misuse. This demographic shift 
may also be contributed to by the impact the PSA has had on how 
NPS are now supplied and sold (Smyth et al., 2020). The closing 
of ‘head shops’ drove the NPS market underground and as such 
into the hands of street dealers (Stevens et al., 2015). Street drug 
dealers largely operate in the most deprived areas of the country, 
also home to the most vulnerable populations (Lupton et  al., 
2002). Whilst there is no evidence to suggest the sale of NPS in 
head shops implied them as safe to consume, the PSA-initiated 
closure of these establishments consequently drove NPS sales to 
the streets and in turn made them more accessible to the most 
vulnerable (Haden et al., 2017).

Limitations

As detection methods for NPS have advanced, and requests for 
NPS toxicology tests to be performed have become more fre-
quent, part of the increase in NPSAD reporting over time is 
potentially an artefact of concomitant improvements in NPS 
detection methods (Ford and Berg, 2018; May et  al., 2019; 
Mollerup et al., 2017; Segawa et al., 2019; Wagmann and Maurer, 
2018). However, as standard toxicology screens do not include 
NPS, and even when requested different toxicology laboratories 
test against their own bespoke libraries within which there are 
detection limitations, the occurrence of deaths with NPS detected 
is likely under-reported (Wagmann and Maurer, 2018). 
Furthermore, as NPSAD is reported to voluntarily and coronial 
investigations are not carried out for all deaths, the figures pre-
sented here likely under-represent the true number of deaths 
where NPS had been consumed prior to death occurring in 
England, Wales and Northern Ireland.

Other UK drug policy changes during the post-PSA period may 
also have influenced drug use behaviours. For example, some of 
the substances classed as NPS in this study were controlled under 
the MDA in the post-PSA period. However, introduction of these 
subsequent MDA controls did not alter trends in the reporting of 
deaths where NPS were detected. Indeed, introduction of the PSA 
itself does not appear to have impacted upon NPS health risk 
awareness, or NPS drug demand (Deligianni et  al., 2020). 
Increasingly risky drug-taking behaviours (UN, 2019) and societal 
changes may also have influenced patterns in NPS use. However, 
deprivation scores of neighbourhoods remained largely unchanged 
over the course of the study period (Ministry of Housing, 
Communities & Local Government, 2019), nor were there signifi-
cant changes in the homeless or prison populations (Ministry of 
Housing, Communities & Local Government, 2021, Sturge, 2020).  
It is clearly evident however that the proportion of individuals in 
these subgroups who use NPS has increased over the duration of 
the study (Blackman and Bradley, 2017; Ford and Berg, 2018; 
Norman et al., 2020; Peacock et al., 2019; Scourfield et al., 2019; 
Yoganathan et al., 2021).

Conclusions
Deaths with NPS detected continue to rise despite introduction of 
the PSA, and in many cases after their specific control under the 
MDA, further supporting evidence that current UK drug legisla-
tion approaches are not driving changes in NPS use behaviours 
(Deligianni et al., 2020). The relationship between the PSA and 
the displacement or replacement of NPS by established drugs of 
abuse needs further research. Whilst legality may not necessarily 
be a factor informing drug using behaviours, the PSA’s impact on 
price, and availability of NPS warrant further research into the 
relationship between MDA-controlled and PSA-controlled drug 
use. Notwithstanding, the PSA and MDA have worked together 
to reduce deaths amongst younger individuals living in more 
affluent areas, however it is clear that additional measures to pro-
hibition are needed to curb their persistence in deprived demo-
graphics. Efforts to understand drug use as a disease rather than a 
crime to develop prevention, treatment and reintegration pro-
grammes to achieve drug-related harm reduction, as seen in 
Portugal, should be considered by UK policy makers (Cowan, 
1986; Félix and Portugal, 2017).



1322	 Journal of Psychopharmacology 35(11)

Acknowledgements
The authors would like to thank Mrs Christine Goodair and Professor Sir 
John Strang for their ongoing advice and support of NPSAD.

Declaration of conflicting interests
The author(s) declared the following potential conflicts of interest with 
respect to the research, authorship, and/or publication of this article: CSC’s 
PhD (2009-2013) was supported by a BBSRC CASE studentship and dur-
ing that time she received research materials and financial support from 
Merck & Co. In 2018 she received support from MicroControl Instruments 
to conduct in vivo electrophysiology and imaging experiments. CSC sits on 
the Novel Psychoactive Substances group of the Home Office’s independent 
Advisory Council on the Misuse of Drugs as the NPSAD representative.

RDT is a co-opted member of the ACMD Novel Psychoactive 
Substances group.

HJM is a member of the ACMD Novel Psychoactive Substances 
group.

AAD & HC have no interests to declare.

Funding 
The author(s) received no financial support for the research, authorship, 
and/or publication of this article.

CRediT roles
Data curation – HC, CSC; formal analysis – AAD, CSC; funding acquisi-
tion – N/A; investigation – AAD, HC, CSC; methodology – AAD, HC, 
CSC; project administration – HC, CSC, resources – CSC; software – 
CSC; supervision – RDT, HJH, CSC; validation AAD, HC, RDT, HJH, 
CSC; visualisation – HC, CSC; writing original draft - AAD; review & 
editing – HC, RDT, HJH, CSC

The data that support the findings of this study are available on 
request from the corresponding author.

The data are not publicly available due to privacy restrictions.

ORCID iD 
Caroline S Copeland  https://orcid.org/0000-0002-4462-1402

References
Home Office (2011) Drugs Misuse: Crime Survery for England and 

Wales 2011/2012. https://assets.publishing.service.gov.uk/govern-
ment/uploads/system/uploads/attachment_data/file/147938/drugs-
misuse-dec-1112-pdf.pdf. 

Home Office (2018) Drugs Misuse: Crime Survery for England and 
Wales 2017/2018. https://assets.publishing.service.gov.uk/govern-
ment/uploads/system/uploads/attachment_data/file/729249/drug-
misuse-2018-hosb1418.pdf. 

ACMD (2011) Advisory council on the misuse of drugs consideration of 
the novel psychoactive substances (‘Legal Highs’), https://assets.pub-
lishing.service.gov.uk/government/uploads/system/uploads/attach-
ment_data/file/119139/acmdnps2011.pdf (accessed July 2020).

ACMD (2015) Definitions for psychoactive substances bill https://assets.
publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/454039/Definitions_report_final_14_august.
pdf (accessed July 2020). 

Al-Banaa I, Hawkins L, Hill S, et al. (2020) Effect of the UK Psychoac-
tive Substances Act 2016 on episodes of toxicity related to new psy-
choactive substances as reported to the National Poisons Information 
Service. A time series analysis. Int J Drug Policy 77: 102672.

Bilgrei OR (2016) From “herbal highs” to the “heroin of cannabis”: 
Exploring the evolving discourse on synthetic cannabinoid use in a 
Norwegian Internet drug forum. Int J Drug Policy 29: 1–8.

Blackman S and Bradley R (2017) From niche to stigma—Headshops 
to prison: Exploring the rise and fall of synthetic cannabinoid use 
among young adults. Int J Drug Policy 40: 70–77.

Bonar EE, Ashrafioun L and Ilgen MA (2014) Synthetic cannabinoid 
use among patients in residential substance use disorder treatment: 
prevalence, motives, and correlates. Drug Alcohol Dependence 143: 
268–271.

Brunt TM, Atkinson AM, Nefau T, et al. (2017) Online test purchased 
new psychoactive substances in 5 different European countries: A 
snapshot study of chemical composition and price. Int J Drug Policy 
44: 105–114.

Cairns R, Brown JA, Gunja, et al. (2017) The impact of Australian legisla-
tive changes on synthetic cannabinoid exposures reported to the New 
South Wales Poisons Information Centre. Int J Drug Policy 43: 74–82.

Castaneto MS, Gorelick DA, Desrosiers NA, et al. (2014) Synthetic can-
nabinoids: epidemiology, pharmacodynamics, and clinical implica-
tions. Drug Alcohol Depend 144: 12–41.

Corkery J, Claridge H, Loi B, et al. (2014) Drug-related deaths in the UK: 
January-December 2012: Annual report 2013.

Corkery J, Orsolini L, Papanti D, et al. (2018) Novel psychoactive sub-
stances (NPS) and recent scenarios: Epidemiological, anthropologi-
cal and clinical pharmacological issues. Light in Forensic Science 
17: 207256.

Corkery JM, Claridge H, Goodair C, et al. (2017) An exploratory study of 
information sources and key findings on UK cocaine-related deaths. 
J Psychopharmacol 31: 996–1014.

Corkery JM, Schifano F and Martinotti G (2020) How deaths can help 
clinicians and policy-makers understand the risks of novel psychoac-
tive substances. Br J Clin Pharmacol 86: 482–498.

Cowan RC (1986) A war against ourselves: how the narcs created crack. 
National Review 38: 26–28. 

Csák R, Szécsi J, Kassai S, et al. (2020) New psychoactive substance use 
as a survival strategy in rural marginalised communities in Hungary. 
Int J Drug Policy 85: 102639.

Deligianni E, Daniel OJ, Corkery JM, et  al. (2020) Impact of the UK 
Psychoactive Substances Act on awareness, use, experiences and 
knowledge of potential associated health risks of Novel Psychoac-
tive Substances. Br J Clin Pharmacol 86: 505–516.

Dunt I (2015) Things you own which the legal highs bill is going to make 
illegal. https://www.politics.co.uk/blogs/2015/06/01/things-you-own-
which-the-legal-highs-bill-is-going-to-make-illegal/. Available from: 
https://www.politics.co.uk/blogs/2015/06/01/things-you-own-which-
the-legal-highs-bill-is-going-to-make-illegal/. (accessed april 2021)

Ellsworth JT (2019) Spice, vulnerability, and victimization: Synthetic 
cannabinoids and interpersonal crime victimization among homeless 
adults. Substance Abuse 7: 1–7. 

Félix S and Portugal P (2017) Drug decriminalization and the price of 
illicit drugs. Int J Drug Policy 39: 121–129.

Felvinczi K, Benschop A, Urbán R, et al. (2020) Discriminative charac-
teristics of marginalised novel psychoactive users: A transnational 
study. Int J Ment Health Addict 18: 1128–1147.

Ford LT and Berg JD (2018). Analytical evidence to show letters impreg-
nated with novel psychoactive substances are a means of getting 
drugs to inmates within the UK prison service. Ann Clin Biochem 
55: 673–678.

Fortson R (2018) The legal status of ‘poppers’. Available at: https://
www.rudifortson4law.co.uk/2018/08 (accessed April 2021)

Global-Drugs-Survey 2019. Global Drugs Survey 2019.
Gray P, Ralphs R and Williams L (2020) The use of synthetic canna-

binoid receptor agonists (SCRAs) within the homeless population: 
motivations, harms and the implications for developing an appropri-
ate response. Addict Res Theory 29: 1–10.

Gray P, Ralphs R and Williams L (2021) The use of synthetic canna-
binoid receptor agonists (SCRAs) within the homeless population: 
motivations, harms and the implications for developing an appropri-
ate response. Addict Res Theory 29: 1–10.

https://orcid.org/0000-0002-4462-1402
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/147938/drugs-misuse-dec-1112-pdf.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/147938/drugs-misuse-dec-1112-pdf.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/147938/drugs-misuse-dec-1112-pdf.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/729249/drug-misuse-2018-hosb1418.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/729249/drug-misuse-2018-hosb1418.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/729249/drug-misuse-2018-hosb1418.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/119139/acmdnps2011.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/119139/acmdnps2011.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/119139/acmdnps2011.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/454039/Definitions_report_final_14_august.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/454039/Definitions_report_final_14_august.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/454039/Definitions_report_final_14_august.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/454039/Definitions_report_final_14_august.pdf
https://www.politics.co.uk/blogs/2015/06/01/things-you-own-which-the-legal-highs-bill-is-going-to-make-illegal/
https://www.politics.co.uk/blogs/2015/06/01/things-you-own-which-the-legal-highs-bill-is-going-to-make-illegal/
https://www.politics.co.uk/blogs/2015/06/01/things-you-own-which-the-legal-highs-bill-is-going-to-make-illegal/
https://www.politics.co.uk/blogs/2015/06/01/things-you-own-which-the-legal-highs-bill-is-going-to-make-illegal/
https://www.rudifortson4law.co.uk/2018/08
https://www.rudifortson4law.co.uk/2018/08


Deen et al.	 1323

Gunderson EW, Haughey HM, Ait-Daoud N, et al. (2014) A survey of 
synthetic cannabinoid consumption by current cannabis users. Subst 
Abuse 35: 184–189.

Haden M, Wood DM and Dargan PI (2017) The impact of the Psycho-
active Substances Act 2016 on the online availability of MDMB-
CHMICA. QJM: An Int J Med 110: 619–622.

Hill RG (2020) Understanding the UK psychoactive substances act. Br J 
Clin Pharmacol 86: 499–504.

Hockenhull J, Amioka E, Black JC, et  al. (2019) Nonmedical use of 
alprazolam in the UK: Results from a nationally representative sur-
vey. Br J Clin Pharmacol 85: 1841–1845.

Lupton R, Wilson A, May T, et al. (2002) A rock and a hard place: drug 
markets in deprived neighbourhoods: Home office research study 240.

Mathews EM, Jeffries E, Hsieh C, et al. (2019) Synthetic cannabinoid use 
among college students. Addict Behav 93: 219–224.

May B, Naqi HA, Tipping M, et al. (2019) Synthetic cannabinoid recep-
tor agonists detection using fluorescence spectral fingerprinting. 
Anal Chem 91: 12971–12979.

Mc Namara S, Stokes S and Nolan J (2019) The emergence of new psycho-
active substance (NPS) benzodiazepines. A survey of their prevalence 
in opioid substitution patients using LC-MS. Ir Med J 112: 970.

Mdege ND, Meader N, Lloyd C, et al. (2017) The Novel Psychoactive 
Substances in the UK Project: empirical and conceptual review 
work to produce research recommendations. Public Health Res 
5(4): 1–138.

Miliano C, Margiani G, Fattore L, et  al. (2018) Sales and advertising 
channels of new psychoactive substances (NPS): internet, social net-
works, and smartphone apps. Brain Sci 8: 123.

Ministry of Housing, Communities and Local Government (2019) 
English indices of deprivation 2019. Available at: https://www.
gov.uk/government/statistics/english-indices-of-deprivation-2019 
(accessed February 2021).

Ministry of Housing, Communities and Local Government (2021) Home-
lessness Statistics. Available at: https://www.gov.uk/government/
collections/homelessness-statistics (accessed February 2021).

Mollerup CB, Dalsgaard PW, Mardal M, et al. (2017) Targeted and non-
targeted drug screening in whole blood by UHPLC-TOF-MS with 
data-independent acquisition. Drug Test Anal 9: 1052–1061.

Moore K, Dargan PI, Wood DM, et  al. (2013) Do novel psychoactive 
substances displace established club drugs, supplement them or act 
as drugs of initiation? The relationship between mephedrone, ecstasy 
and cocaine. Eur Addict Res 19: 276–282.

Nielsen S and Mcauley A (2020) Etizolam: A rapid review on pharma-
cology, non-medical use and harms. Drug Alcohol Rev 39: 330–336.

Norman C, Walker G, Mckirdy B, et  al. (2020) Detection and quanti-
tation of synthetic cannabinoid receptor agonists in infused papers 
from prisons in a constantly evolving illicit market. Drug Test Anal 
12: 538–554.

Nutt D (2020) New psychoactive substances: Pharmacology influencing 
UK practice, policy and the law. Br J Clin Pharmacol 86: 445–451.

Peacock A, Bruno R, Gisev N, et  al. (2019) New psychoactive sub-
stances: challenges for drug surveillance, control, and public health 
responses. Lancet 394: 1668–1684.

Pillay D and Kelly BD (2010) Recreational drugs and health information 
provided in head shops. Psychiatrist 34: 100–102.

Reuter P and Pardo B (2017) Can new psychoactive substances be regu-
lated effectively? An assessment of the British Psychoactive Sub-
stances Bill. Addiction 112: 25–31.

Rice J, Kannan AM, Castrignanò E, et al. (2020) Wastewater-based epi-
demiology combined with local prescription analysis as a tool for 
temporalmonitoring of drugs trends-A UK perspective. Sci Total 
Environ 735: 139433.

Scourfield A, Flick C, Ross J, et  al. (2019). Synthetic cannabinoid 
availability on darknet drug markets—changes during 2016–2017. 
Toxicol Commun 3: 7–15.

Segawa H, Fukuoka T, Itoh T, et al. (2019) Rapid detection of synthetic 
cannabinoids in herbal highs using surface-enhanced Raman scatter-
ing produced by gold nanoparticle co-aggregation in a wet system. 
Analyst 144: 6928–6935.

Smith KE and Staton M (2019) Synthetic cannabinoid use among a sam-
ple of individuals enrolled in community-based recovery programs: 
Are synthetic cannabinoids actually preferred to other drugs? Subst 
Abuse 40: 160–169.

Smith SW and Garlich FM (2013) Availability and supply of novel psy-
choactive substances. In: Dargan P and Wood D (eds) Novel Psycho-
active Substances, Chapter 2. Elsevier, Amsterdam. 

Smyth BP, Daly A, Elmusharaf K, et  al. (2020) Legislation target-
ing head shops selling new psychoactive substances and changes 
in drug-related psychiatric admissions: A national database study. 
Early Interv Psychiatry 14: 53–60.

Stevens A, Fortson R, Measham F, et al. (2015) Legally flawed, sci-
entifically problematic, potentially harmful: The UK Psychoactive 
Substance Bill. Int J Drug Policy 26: 1167–1170.

Sturge G (2020) UK Prison Population Statistics, House of Com-
mons Library. Available at: https://commonslibrary.parliament.uk/
research-briefings/sn04334/ (accessed February 2021).

Transform (2021) Transform. Drug Policy Foundation. Available at: 
https://transformdrugs.org/ (accessed April 2021).

UK-Government 1971. Misuse of drugs act.
UK-Government 2016. Psychoactive substances act 2016.
UK Home Office 2011. Temporary class drugs.
UK Home Office 2018. Review of the psychoactive substances act 2016.
UN 2019. UN Office on Drugs and Crime. World Drug Report. Available 

at: https://digitallibrary.un.org/record/3830902?ln=en.
Wagmann L and Maurer HH (2018) Bioanalytical methods for new psy-

choactive substances. Handb Exp Pharmacol 252: 413–439. 
Wedinos (2019) Welsh emerging drugs and identification of novel sub-

stances. Sample results. Available at: https://www.wedinos.org/db/
samples (accessed October 2020).

Weinstein AM, Rosca P, Fattore L, et al. (2017) Synthetic cathinone and 
cannabinoid designer drugs pose a major risk for public health. Front 
Psychiatry 8: 156.

Yoganathan PCH, Chester L, Englund A, et  al. (2021) Synthetic 
cannabinoid-related deaths in England, 2012-2019. Cannabis and 
Cannabinoid Res. Epub ahead of print 24 February 2021. DOI: 
10.1089/can.2020.0161.

https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019
https://www.gov.uk/government/collections/homelessness-statistics
https://www.gov.uk/government/collections/homelessness-statistics
https://commonslibrary.parliament.uk/research-briefings/sn04334/
https://commonslibrary.parliament.uk/research-briefings/sn04334/
https://transformdrugs.org/
https://digitallibrary.un.org/record/3830902?ln=en
https://www.wedinos.org/db/samples
https://www.wedinos.org/db/samples

