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Abstract
Aim: To identify drug-related death trends associated with synthetic cannabinoid receptor agonists (SCRAs)
reported to the National Programme on Substance Abuse Deaths (NPSAD) from England.
Design: Case reports from NPSAD (England) where a SCRA was detected in post-mortem tissue(s) and/or impli-
cated in the death were extracted, analyzed, and compared against non-SCRA-related deaths that occurred over
the same time period (2012–2019).
Findings: One hundred sixty-five death SCRA-related reports were extracted, with 18 different SCRAs detected.
Following the first death in 2012, a subsequent sharp increase in reporting is evident. Acute SCRA use was the
underlying cause of death in the majority of cases (75.8%) with cardiorespiratory complications the most fre-
quently cited underlying physiological cause (13.4%). SCRA users were predominantly found dead (68.6%),
with a large proportion of those witnessed becoming unresponsive described as suddenly collapsing (81.6%).
Psychoactive polydrug use was detected in 90.3% of cases, with alcohol the most commonly co-detected
(50.3%), followed by opioids (42.2%), benzodiazepines/Z-drugs (32.1%), stimulants (32.1%, [28.5% cocaine]),
and cannabis (24.8%).

Compared to all non-SCRA-related NPSAD deaths occurring over the same time period, SCRA-related dece-
dents were more predominantly male (90.3% vs. 72.0%; p < 0.01), and lived in more deprived areas ( p < 0.01).
While a comparatively significant proportion of decedents were homeless (19.4% vs. 4.1%), living in a hostel
(13.3% vs. 2.3%) or in prison (4.9% vs. 0.2%) at time of death (all p < 0.01), the greatest majority of SCRA-related
decedents were living in private residential accommodations (57.6%).
Conclusions: This is the largest dataset regarding SCRA-related mortalities reported to date. Reporting of SCRA-
related deaths in England have increased considerably, with polydrug use a specific concern. Lack of effective
deterrents to SCRA use under current UK legislation, compounded by limited knowledge regarding the physi-
ological impacts of SCRA consumption and their interaction with other co-administered substances are contrib-
utory factors to the occurrence of SCRA-related mortalities in an increasingly deprived demographic.
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Introduction
Synthetic cannabinoid receptor agonists (SCRAs)
interact with endogenous cannabinoid receptors, the
receptors that mediate the effects of the major active
ingredient in cannabis, delta-9-tetrahydrocannabinol
(THC).1 Acting as full agonists at the CB1 recep-

tor, SCRAs possess greater potency in comparison
to THC, which acts as a partial agonist at CB1/2

receptors.1–3

Commercial production of SCRAs targeting recrea-
tional users commenced in the United Kingdom in
the mid-2000s.4,5 Marketed openly as ‘‘legal highs,’’
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they were aimed at a niche middle class demographic of
experimental users (‘‘psychonauts’’) interested in ex-
ploring recreational drug diversity.6 Although users
preferred cannabis to SCRAs,7,8 the appeal of ‘‘legal
high’’ SCRA use included that they were legal, did
not appear on standard drug tests, and were readily
available.9–14 Indeed, following the control of many
SCRA compounds as Class B substances under the
Misuse of Drugs Act (MDA) 1971 or their banning
by the Psychoactive Substances Act (PSA) 2016, there
was a subsequent decline in recreational use of
SCRAs in the general population.15,16

However, significant use prevalence in some vulner-
able subgroups, particularly homeless, and prison pop-
ulations persisted,6,12–14,16–18 due to their widespread
availability and difficulty in detecting analytically.
SCRAs also appeal to these users as the strong intoxication
they induce is cited to provide release from unbearable
situations by enabling detachment from reality.16,19–21

The SCRA dose effect is unpredictable: the same
dose can induce profound intoxication in some sub-
jects, while remaining imperceivable in others.22,23

Repeated administrations may therefore induce sudden
and unexpected intoxication, increasing risk of acci-
dental overdose. Clinical features of illicit SCRA use
is variable, ranging from an agitated delirium with hal-
lucinations to a reduced level of consciousness, with
cardiovascular features such as tachycardia and ar-
rhythmias, vomiting, and dizziness.24 In recent years,
increasing numbers of SCRA-related deaths have
been reported globally.6,25–27 While there is considerable
regional variation in detected SCRAs types in post-
mortem tissue, a common mechanism in precipitating
cardiovascular complications leading to death is evident.

In this article, we contribute to the growing evidence
of the dangers of SCRA use by describing trends in
SCRA-related deaths that have occurred in England.
In addition to analysis of cause(s) of death and toxico-
logical evidence, we also consider the evolving sociode-
mographics of SCRA-related decedents.

Methods
National Programme on Substance Abuse Deaths
National Programme on Substance Abuse Deaths
(NPSAD) regularly receives voluntary reports from
88.0% of English coroners on deaths related to psycho-
active drugs (Table 1).28 A death is referred to a Coroner
if it has an unknown cause, is violent or unnatural, sud-
den, and unexplained, occurred during an operation or
before the person came out of an anesthetic, or was po-

tentially caused by an industrial disease or poisoning.29

Toxicology tests are requested, dependent upon individ-
ual case circumstances at the discretion of the Coroner.

The King’s College London Biomedical & Health
Sciences, Dentistry, Medicine and Natural & Mathe-
matical Sciences Research Ethics Subcommittee con-
firmed (November 2020) that NPSAD does not
require REC review as all subjects are deceased.

Case identification
A retrospective study design identified all SCRA-
related cases reported from England by searching the
entire NPSAD database (records received from 1997
to April 1, 2020) in the post-mortem drug fields for
the numerical code assigned to the ‘‘synthetic cannabi-
noid’’ drug class.

Non-SCRA-related cases where death had occurred
from 2012 onward, the year in which the first reported
SCRA-related death occurred, were subsequently
extracted to perform demographic comparisons with
SCRA-related cases (records received January 1, 2012,
to April 1, 2020) by identifying cases where the ‘‘syn-
thetic cannabinoid’’ drug class coding was absent
from the post-mortem drug fields.

Data analysis
Software. Data analysis and statistics (Student’s t-test
and Chi square) were performed using IBM� SPSS�

Statistics for Windows version 25 and Microsoft
Excel 365.

2019 Projection. The average time between death
and coronial inquest conclusion where an SCRA was
present is *7 months. Further deaths occurring in
2019 are therefore anticipated to be reported to

Table 1. Data Points Collected by National Programme
on Substance Abuse Deaths

Mandatory Optional

Gender Ethnicity
Date of birth Living arrangementsa

Date of death Employment status
Cause(s) of death Usual addressa

Manner of death Place of death
Toxicology reportb Narrative of circumstances of death
Inquest conclusion date Past social and medical histories
Coronial jurisdiction Prescribing status

aUsual address and living arrangements were also available for all
SCRA-related cases.

bIn some cases, toxicology reports are not available, for example, in
cases where a prolonged hospital stay preceded death. Toxicology re-
ports were available for all SCRA-related cases.

SCRA, synthetic cannabinoid receptor agonist.
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NPSAD. Based on jurisdiction reporting trends, the
number of SCRA-related deaths expected to be re-
ceived by NPSAD has been projected.

Cause of death. Circumstances that lead to death are
categorized on the death certificate issued by the coro-
ner, as follows:

Cause 1a: The immediate cause of death (and un-
derlying if no 1b or 1c cited)

Cause 1b: Any disease/circumstance underlying
Cause 1a

Cause 1c: Any disease/circumstance underlying
Cause 1b

Cause 2: Any disease/circumstance that did not
cause the death, but contributed in some way.

It is not a requirement for a Cause 1b, 1c, or 2 to be
cited for all deaths.29 Immediate and underlying cause
of death were identified using these criteria.

Presence at post-mortem indicates a person died
with a drug in their system. Implicated drugs are
those determined by the coroner and consulting pa-
thologists as directly involved in causing the death.

Toxicological significance scores. A toxicological sig-
nificance score for each SCRA-related case, in accor-
dance to the methodology proposed by Elliott et al.,30

was assigned dependent upon the cited cause(s) of
death and toxicological interpretation provided by the
consulting pathologist.

Deprivation scores. The English Indices of Depriva-
tion 2019 was used to obtain deprivation data.31

Results
One hundred sixty-five people died in England and
were reported to NPSAD where an SCRA was detected
in post-mortem tissue(s) and/or implicated in the
death by April 1, 2020. It is clear that SCRA-related fa-
talities have been increasingly reported to NPSAD in
recent years (Fig. 1). When normalized against total
NPSAD reporting in England over the same time pe-
riod, a proportional rise in the occurrence of SCRA-
related deaths remains evident (data not shown).

Types of SCRA detected
Eighteen different SCRAs were detected in submitted
toxicology reports (Table 2). Multiple new SCRAs
were detected almost every year since 2012, and there
is a shifting pattern over time as to the most commonly
detected SCRAs (Fig. 2).

Cause of death
While physiological system failures were cited as the im-
mediate cause of death in 32.7% of cases (n = 54/165;
23.6% of which were cardiorespiratory), acute drug use
was most often cited by the coroner as the underlying
cause, with SCRA use cited in majority of cases
(Table 3). When taking into account all causes of
death (Causes 1a–c and Cause 2), a toxicological signif-
icance score of 3,30 which denotes that the SCRA was
cited as a cause of death or likely to have contributed
to toxicity/death, even in the presence of other drugs,
was applicable in 85.5% of cases (n = 141/165). A toxi-
cology significance score of 2, which denotes that
the SCRA may have contributed to toxicity/death,
but other drugs present may be more toxicologically
significant, was applicable in 27.9% of cases (n = 23/
165), with the remaining case assigned a score of
1, denoting an alternative cause of death (in this
case, a traumatic external environmental factor).
Qualitative analysis of cases with narratives provided
(n = 121/165) revealed that SCRA users were found
dead in 68.6% of cases (n = 83/121). Where the dece-
dent was witnessed becoming unresponsive (31.4% of
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FIG. 1. Deaths reported to NPSAD from
England by April 1, 2020, where an SCRA was
detected at post-mortem and/or implicated in
causing the death. NPSAD, National Programme
on Substance Abuse Deaths; SCRA, synthetic
cannabinoid receptor agonist.
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cases; n = 38/121), the majority were described as hav-
ing suddenly collapsed (81.6%; n = 31/38).

A single SCRA was detected by toxicology in 126
cases, with multiple SCRA co-administration detected
in 39 cases: the most common combination was 5F-
ADB and AB-FUBINACA (n = 24/165). Alcohol was
the most commonly co-detected substance (50.3% of
cases; n = 83/165; cases where alcohol was attributed
to likely post-mortem production by the pathologist

[ £ 10 mg/dL]32 were excluded). In 80.1% of these
cases (n = 67/83), the blood alcohol of decedents was
over 50 mg/dL, with 48.2% at a blood alcohol level be-
tween 50 and 199 mg/dL (n = 40/83), and 31.3% over
200 mg/dL (n = 27/83). Polydrug use of legal prescrip-
tion and/or illicit substances was detected in 90.3% of
cases (n = 149/165). An increasing trend in polydrug
administration is evident, with the average number of
co-administered substances in 2012–2016 (mean 3.6)

Table 2. Year During Which Each Synthetic Cannabinoid Receptor Agonist Type Was First Detected in Cases Reported
to National Programme on Substance Abuse Deaths from England

2012 2013 2014 2015 2016 2017 2018 2019

AM2201 5F-AKB 5F-PB-22 BB-22 5F-ADB 5F-MDMB-PICA 5F-MMB-PICA
AM223 AKB-48F 5F-AKB-48 AB-CHMINACA AB-PINACA 4F-MDMB-BINACA 4F-MDMB-PICA

AKB-48 MDMB-CHMICA MMB-CHMICA APP-BINACA 5F-AMB
STS-135 MDMB-4en-PINACA
AB-FUBINACAa

aAMB- and EMB-FUBINACA have not been separately classified from AB-FUBINACA as detectors have limited capability in differentiating between
these compounds.62

FIG. 2. SCRA types detected at post-mortem and/or implicated in causing death in cases reported to
NPSAD from England. 5F-ADB and AB-FUBINACA detections have dominated in recent years, representing
40.6% and 18.9% of total detections, respectively. 2019 Data are for reported only (i.e., not projected)
detections. Note that total detections sum to greater than the total number of SCRA-related cases as in
some cases, multiple SCRA variants were detected: a total of 217 SCRA detections were made across the
165 reported cases. ^AB-FUBINACA also includes figures for AMB- and EMB-FUBINACA and their metabolites
as detectors have limited capability in differentiating between these compounds.62 Color images are
available online.
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significantly lower compared with 2018 (mean 5.6;
p < 0.01) and 2019 (mean 5.7; p < 0.01). In 42.2% of
cases (n = 70/165), SCRA(s) were detected with at
least one opioid, and in 32.1% of cases (n = 53/165)
with at least one benzodiazepine/Z-drug, with an over-
lap of 42 cases where both opioid(s) and benzodiaze-
pine/Z-drug(s) were co-detected (25.5% of cases).
Excluding SCRAs themselves, there were 124 detec-
tions of other illicit substances from 84 decedents
(49.7% of cases); most notably, 53 decedents (32.1%
of cases) had co-administered stimulants (47 of
which included cocaine [28.5% of cases]) and 41 can-
nabis (24.8% of cases). A high proportion of decedents
was known to use drugs (57.0%; n = 94/165). Medica-
tions available by UK prescription were detected in
64.8% of cases (n = 107/165). Where prescribing history
was provided, 54.9% of cases (n = 50/91) were prescribed
drugs that are directly psychoactive. Antidepressants
were the most commonly prescribed (41.8%; n = 38/
91) followed by opioids (18.7%; n = 17/91), antipsychot-
ics (15.4%; n = 14/91), gabapentinoids (12.1%; n = 11/
91), and benzodiazepines/Z-drugs (9.9%; n = 9/91).

Demographics
The proportion of male SCRA-related decedents is sig-
nificantly higher than that observed for all non-SCRA-
related deaths reported to NPSAD from England over
the same time period ( p < 0.01) (Table 4), concording
with the proportion reported (88%) in a recent global
systematic review.25 While the age of SCRA-related de-
cedents is not significantly different to the non-SCRA-

related deaths, those who died in 2012–2015 (mean age
34.5 – 10.3) when compared to those who died in
2018–2019 (mean age 40.0 – 8.9) were significantly
younger ( p < 0.05) (Fig. 3A).

The proportion of SCRA-related decedents living in
private housing accommodation is significantly lower
than for the non-SCRA-related deaths reported
( p < 0.01), while the proportions of those living in a
hostel or prison, or homeless are significantly higher
(all p < 0.01) (Table 4). The usual address of SCRA-
related decedents was on average located in one of
the most deprived areas of England (decile score 1–3)
(Fig. 3B). Furthermore, when compared to the usual
addresses of decedents for the non-SCRA-related
deaths, SCRA-related decedents were significantly
more likely to have been living in the more deprived
areas ( p < 0.01) (Fig. 3B). Just 18.5% of SCRA-related
deaths occurring in 2012–2015 were of people living
in the least deprived areas of England (deciles 6–10;
n = 5/27), despite those who died in this time period ac-
counting for only 10.9% of total SCRA-related deaths
(n = 18/165).

Discussion
SCRAs have consistently ranked as one of the largest
groups of novel psychoactive substances on the Euro-
pean drug market.5 While SCRA use prevalence
among the general population has declined in recent
years,33 the number of SCRA-related deaths reported
from England to NPSAD has concomitantly risen, in

Table 3. Immediate and Underlying Causes of Death Listed
on Death Certificates of Synthetic Cannabinoid Receptor
Agonist-Related Decedents in Cases Reported to National
Programme on Substance Abuse Deaths from England

Cause
Immediate cause Underlying cause

% of Decedents (n) % of Decedents (n)

Acute drug use 67.3 (111) 87.9 (145)
Implicating SCRA(s) 57.6 (95) 75.8 (125)
Not implicating SCRA(s) 9.7 (16) 12.1 (20)

Physiological system 32.7 (54) 12.1 (20)
Cardiac 10.3 (17) 7.3 (12)
Respiratory 13.3 (22) 6.1 (10)
Neurological 9.1 (15) 3.6 (6)
Hepatic 1.2 (2) 1.8 (3)
Mental health 0.6 (1) 0.6 (1)
Gastrointestinal 0.6 (1) —
Trauma — —
Other 3.0 (5) 3.0 (5)

As more than one immediate and/or underlying cause of death was
cited in some cases, these will add to greater than the total number of
deaths.

Table 4. Age, Gender, and Usual Living Circumstances
of Synthetic Cannabinoid Receptor Agonist-Related
Decedents in Cases Reported to National Programme
on Substance Abuse Deaths from England

Age and gender
% SCRA-related

deaths (n)

% All non-SCRA-
related NPSAD cases
(England 2012–2019)

Men 90.3 (149) 72.0
Women 9.7 (16) 28.0
Mean age ( – SD) 38.41 – 9.40 40.11 – 13.73
Usual living circumstances

Private residential 57.6 (95) 80.9
Hostel 13.3 (22) 2.3
Homeless 19.4 (32) 4.1
Prison 4.9 (8) 0.2
Unknown — 11.3
Othera 4.9 (8) 1.3

Complementary data for all non-SCRA-related cases submitted to
NPSAD from England within the same time period have been provided
for comparison.

aRehab, hospital, hotel, nursing home, boat, caravan, shed, workplace.
NPSAD, National Programme on Substance Abuse Deaths; SD, stan-

dard deviation.
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line with estimated SCRA use prevalence.34 This data-
set is the largest reported to date, exceeding the total
number of cases included in a recent global systematic
review.25

Heterogeneous in harm
The Welsh Emerging Drugs and Identification of Novel
Substances (WEDINOS) laboratory, the UK’s only
year-round drug submission and testing facility,
detected illicit SCRAs in 6.25% of submissions received
from January 2017 to December 201935; 43.2% were
5F-ADB, 22.8% 4F-MDMB-BINACA, and 18.9% AB-
FUBINACA. While the proportions of deaths where
5F-ADB and AB-FUBINACA were detected in cases
reported to NPSAD are reflected by their frequency
of WEDINOS detections, the proportion of deaths in
which 4F-MDMB-BINACA was detected is markedly
lower (4.1% of SCRA-related death reports). It has
been suggested that some SCRAs possess lower toxic-
ities, potentially accounting for discrepancies between
their use prevalence estimations and incidences of
mortality.36 Indeed, while 30% of test purchases were
positive for the SCRA cumyl-PEGACLONE in a recent
German study, only one case was reported where
cumyl-PEGACLONE was implicated in causing

death, and even then, this was in combination with
other SCRAs (5F-ADB and 5F-MDMB-P7AICA) and
underlying health conditions.37 Cumyl-PEGACLONE
was first detected in the United Kingdom in 2016,38

but no death involving Cumyl-PEGACLONE was
reported to NPSAD at the time of writing. Some
SCRA users possess ‘‘inverted expertise’’ demonstrating
awareness of such trends, often earlier and to a greater
extent than the support services trying to help them.39

Engaging SCRA users to combine their knowledge with
available data is required to provide an up-to-date ev-
idence base for health care professionals to provide ef-
fective treatments and interventions.

Isolated use is an SCRA-specific risk
Underlying cause of death was majority attributed to
acute drug abuse by coroners, with SCRAs implicated
in most cases. As a large proportion of SCRA users be-
come unresponsive in isolation,16,25 contrary to other
recreational drug taking behaviors,40 unwitnessed
overdose represents a significant SCRA-specific risk.
Greater awareness of the risk of lone SCRA use is
therefore needed among both SCRA users and their
associates.
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FIG. 3. (A) Percentage of cases by age range per year of SCRA-related decedents reported to NPSAD from
England. Decedent numbers for 2012–2015 have been summed due to low figures for these years.
(B) Deprivation decile by postcode of usual address of SCRA-related decedents and all non-SCRA-related
decedents reported to NPSAD from England 2012–2019. A ranking within the first decile represents the
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from this analysis by default due to lack of a usual address (n = 32), as were those whose usual address was
outside England (n = 2).
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Intervention opportunities by health care profes-
sionals to treat SCRA toxicity are consequentially lim-
ited. This is further exacerbated by misidentification of
SCRA users presenting with drug toxicity: a recent
study found only 55.5% of patients presenting with
SCRA intoxication had detectable SCRAs on analytical
testing, suggesting that clinicians often misattribute ef-
fects of other drugs or medical conditions to SCRA
use.41 Tools to identify individuals presenting with
SCRA toxicity are needed to best provide treatment.

Lack of effective UK legislation
The shifting pattern in detected SCRAs cannot be at-
tributed to prohibitive UK legislations: neither MDA
amendments introduced in 2009, 2013, and 2016 con-
trolling some SCRAs nor their generic ban under PSA
(2016) correlate with changes in the most commonly
detected SCRAs year-on-year. Rather, it is likely due
to legislative changes in China, where a large propor-
tion of SCRAs are thought to be manufactured.18 The
control of eight SCRAs, including 5F-ADB and AB-
FUBINACA, by the State Council of China in August
2018 correlates with the shift away from these SCRAs
being the most dominantly detected by both NPSAD
and WEDINOS,35 and toward newer generation
SCRAs such as 4F-MDMB-BINACA and 5F-MDMB-
PICA. A similar situation has been reported in Ger-
many, where implementation of their law on NPS
(the NpSG: Neue-psychoaktive-Stoffe-Gesetz), a pro-
hibitive policy based upon the structural features of
SCRAs, had limited effect on the availability of 5F-
ADB and its use, whereas introduction of the 5F-
ADB ban in China did indeed correlate with a reduc-
tion in 5F-ADB availability and use prevalence in Ger-
many.42 SCRA-related deaths in England are not
projected to dramatically decrease, indicating need
for alternate interventions. A ban citing commonly
used names for SCRA preparations (e.g., ‘‘Spice’’ and
‘‘Mamba’’) as opposed to specific SCRA molecular
structural variants may prove more effective, as was ob-
served in Australia.43

From ‘‘herbal highs’’ to the ‘‘heroin of cannabis’’
The reputation of SCRAs has evolved: online ‘‘psycho-
naut’’ discussion forums that originally encouraged
SCRA use now act as deterrents.44 This is reflected in
the evolving demographic presented in this study,
with those dying in 2012–2015 younger and, on aver-
age, living in less deprived areas than those who died
from 2016 onward. This demographic shift may indi-

cate effectiveness of the 2016 PSA in deterring SCRA
use in younger individuals living in less deprived
areas.15,16

It is well documented that SCRAs are increasingly
problematic in homeless and prison popula-
tions.4,14,21,45 However, these data indicate that a
greater proportion of decedents were living in private
residential accommodation at the time of death, al-
though in socioeconomically deprived areas. This
needs serious consideration in the design of targeted
strategies addressing SCRA use, which currently focus
on homeless and prison populations.46,47 Furthermore,
as almost half of the decedents were known to misuse
drugs, health care and other supporting professionals
should be routinely inquiring about SCRAs in polysub-
stance users and informing them about SCRA-specific
risks.

Knowledge of SCRA-disease/drug interactions
is scarce
Cardiorespiratory complications were cited as immedi-
ate causes of death in a marked proportion of cases,
complementing findings in a recent systematic re-
view,25 and correlating with circumstance of sudden
collapse. While SCRA cardiotoxicity is an established
concern,24,48 the mechanisms of SCRA-mediated car-
diorespiratory failure are poorly understood.49,50 Fur-
thermore, the cardiorespiratory effects of SCRAs in
combination with other cardiotoxic (e.g., stimulant)
and/or cardiorespiratory depressant (e.g., opiate) sub-
stances are poorly characterized and represent an ur-
gent area of enquiry. Such research is required to
recommend effective interventions, for example, as to
whether cardiac QT interval monitoring in SCRA
users attending drug services should be undertaken,
as is suggested for those prescribed methadone, who
also use crack cocaine.51

While the number of substances detected by toxicol-
ogy in SCRA-related decedents increased from 2012 to
2019, evidence for SCRA drug-drug interactions re-
mains scarce. Studies indicate that some SCRA types
interact with cytochrome P450 pathways, which may
alter the pharmacodynamics of other co-administered
substances, leading to adverse events.52–61 However,
these studies used older SCRA types, which differ sub-
stantially in terms of molecular structure to those cur-
rently prevalently used.35 Indeed, only 4 SCRAs for
which this metabolism data are available were detected
in cases reported to NPSAD (AB-CHIMINACA, AKB-
48, AM2201, and STS-135), and account for just 9 of
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the 217 SCRA detections. This noticeable absence of
in vivo human investigations of SCRA pharmacody-
namics is likely due, in part, to insufficient toxicity
data making human administration studies unfeasible
and the absence of on-site toxicology in clinical settings
in the UK limiting observational data linking patient
presentations to specific SCRAs. This is in contrast to
other cannabinoid-based drugs, including illicit canna-
bis, for which drug interaction data are easily accessi-
ble.62 Further research into potential SCRA drug-
drug interactions is needed to better understand poten-
tial adverse events and advise SCRA users of harmful
interactions that may occur with co-administered illicit
or prescription medications.

SCRA users display high rates of polydrug use,10

concording with patterns observed in other illicit
drug users.40 However, the proportion of SCRA-related
decedents who were known to use drugs reported to
NPSAD is near twofold of that reported in a recent
global systematic review.25 Furthermore, the propor-
tions of decedents reported to NPSAD co-
administering opioids, benzodiazepines/Z-drugs, stim-
ulants, and alcohol consistently outstrip those observed
in the review.25 Of particular concern is the mortality
rate associated with opioid-SCRA co-administration,
as this is 10-fold higher than the rate reported in living
users.63 Whether this represents an increased mortality
risk associated with opioid-SCRA co-intoxication is
unclear. A need for understanding risks conferred by
patterns of substance misuse, including SCRAs, ap-
pears to be important in the UK context.

Limitations
As detection methods for SCRAs have advanced64,65 and
SCRA toxicology testing requests have become more
frequent,17 part of the increase in NPSAD reporting is
potentially an artifact of improved SCRA detection.
However, as standard toxicology screens to do not in-
clude SCRAs,66 and there are limitations in detecting
SCRAs,64,67 SCRA-related deaths are likely underde-
tected. Advancements in SCRA detection methods are
therefore needed to address the current shortcomings
in SCRA toxicological analysis. Furthermore, as
NPSAD receives voluntary reports and coronial investi-
gations are not carried out for all deaths, the figures pre-
sented in this study almost certainly underrepresent the
true number of SCRA-related deaths occurring in Eng-
land. Greater awareness of the limitations in SCRA-
related death reporting is also needed, at both local au-
thority and national drug policy levels, in order for ap-

propriate measures to address the true scale of SCRA-
related mortality to be identified and implemented to
achieve SCRA-related harm reduction.

How SCRAs cause death is also unclear, especially
given their high rate of polydrug co-administration.10

Coroners have limited information on SCRA toxicity
upon which to base conclusions,66 and may be impli-
cating SCRAs due to their notoriety.4,8,14

Conclusions
Despite a reduction in overall use prevalence,15,16

deaths attributable to SCRA consumption prevail in
deprived demographics. Lack of effective deterrents
to SCRA use under current UK legislation, com-
pounded by limited knowledge as to the physiological
impacts of SCRA consumption and their interaction
with other co-administered substances, can be identi-
fied as likely contributory factors to instances of
SCRA-related mortality. New legislative, health care,
and substance use service approaches are required to
reduce SCRA-related harms in the broader deprived
demographic identified in this study. Increasing pre-
clinical research and effective clinical assessment and
engagement of SCRA users will substantiate the knowl-
edge base required to achieve these aims.
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