Received: 23 February 2022

Revised: 6 April 2022

Accepted: 8 April 2022

DOI: 10.1111/bcp.15352

SHORT COMMUNICATION

BRITISH
4 PHARMACOLOGICAL
N SOCIETY
o

Fatalities associated with gabapentinoids in England

(2004-2020)

Nicola J. Kalk'*
Bryn D. Williams® |

1Department of Addictions, Institute of
Psychiatry, Psychology & Neuroscience, King's
College London, London, UK

250uth London and Maudsley NHS
Foundation Trust, KCH Alcohol Care Team,
London, UK

3Centre for Pharmaceutical Medicine
Research, Institute of Pharmaceutical Science,
King's College London, London, UK

4Population Health Research Institute, St
George's, University of London, London, UK

5Royal Free Hospital NHS Trust, London, UK

Correspondence

Caroline Copeland, Centre for Pharmaceutical
Medicine Research, Institute of Pharmaceutical
Sciences, King's College London, Stamford
Street, London SE1 9NH, UK.

Email: caroline.copeland@kcl.ac.uk

Funding information

Maudsley NHS Foundation Trust and King's
College London; NIHR Biomedical Research
Centre for Mental Health at South London

1 | INTRODUCTION
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The gabapentinoids were reclassified as Schedule Il medications and Class C drugs in
the UK in 2019 due to their potential misuse. In this study we examined deaths
following gabapentinoid use in England reported to the National Programme on Sub-
stance Abuse Deaths.

A total of 3051 deaths were reported (gabapentin: 913 cases; pregabalin: 2322 cases
[both detected in 184 cases]). Prescribed and illicitly obtained gabapentinoids
accounted for similar proportions of deaths (gabapentin illicit 38.0%, prescribed
37.1%; pregabalin illicit 41.0%, prescribed 34.6%). Opioids were co-detected in most
cases (92.0%), and co-prescribed in a quarter (25.3%). Postmortem blood
gabapentinoid concentrations were commonly (sub)therapeutic (65.0% of gabapentin
cases; 50.8% of pregabalin cases). In only two cases was gabapentinoid toxicity alone
attributed in causing death.

Gabapentinoids alone rarely cause death. Clinically relevant doses can, however,
prove fatal, possibly by reducing tolerance to opioids. Doctors and patients should be
aware of this interaction.

Gabapentinoid-opioid co-prescribing needs urgent revision.

KEYWORDS
drug-related death, gabapentin, gabapentinoid, opioid, pregabalin, toxicity, toxicology

However, concerns around the non-medical use (so-called

“misuse”) of the gabapentinoids themselves are growing, as well as

The gabapentinoids, gabapentin and pregabalin, are indicated as
treatments for neuropathic pain,® generalised anxiety and adjunctive
treatment for seizures in the United Kingdom.? Whilst indicated
specifically for neuropathic pain in adults,® they are increasingly used
off-label for the treatment of other pain disorders*>—a practice
possibly driven by attempts to reduce the use of potentially addictive
opioid analgesics.®

The authors confirm that the Principal Investigator for this paper is Caroline S. Copeland. She
had direct responsibility for the data (note: patient consent was not applicable to this study
as all subjects were deceased).

those pertaining to their iatrogenic dependence, diversion and
toxicity.” ¥ In response, they were reclassified in the UK as
Schedule Il medications and Class C drugs in April 2019.1817
Mixed methods qualitative and pharmacological research indicates
that co-administration of a gabapentinoid and an opioid reverses

opioid tolerance, 22!

which increases their desirability for use in
combination and to which the populations who misuse opioids are
particularly vulnerable.!? This also implies potential for toxicity via
drug-drug interaction (note: although misuse can relate to toxicity,

in that toxicity may result from taking higher than prescribed
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quantities of medication, the two are separate). Furthermore, pre-
clinical research suggests that gabapentinoid co-administration
reduces effectiveness of naloxone reversal.?° This has implications
for the co-prescribing of opioids and gabapentinoids, particularly for
patients who are prescribed opioid substitution therapy for opioid

2223 55 well as the focus of harm minimisation informa-

dependence,
tion given to patients.

In this study we have explored deaths in England where
gabapentinoids were detected at postmortem, with the aim of
informing clinical practice for the prescribing of these medications

and concomitant patient management to reduce fatal outcomes.

2 | METHODS
2.1 | National Programme on substance abuse
deaths (NPSAD)

NPSAD receives information from coroners in England on a volun-
tary basis on deaths related to drugs. Toxicology tests are requested
at the discretion of the coroner and/or pathologist, dependent upon
individual case circumstances. Coroners report a death to NPSAD if
one or more psychoactive substance(s) is detected and/or directly
implicated in causing death, or if the decedent had a history of drug
(mis)use.

The King's College London Biomedical & Health Sciences,
Dentistry, & Mathematical
Research Ethics Sub-Committee confirmed (November 2020)

that NPSAD does not require ethics review as all subjects are

Medicine and Natural Sciences

deceased.

2.2 | Case identification
A range of documents are typically contained in coronial inquest files:
statements from witnesses, family and friends; General Practitioner
(GP) records (if the deceased is registered with one); first responder
reports (e.g., police, emergency services); hospital reports; psychiatric
and substance abuse team reports; postmortem and toxicology
reports.

Relevant cases reported to NPSAD from England as of
1 November 2021 were identified by searching the postmortem drug
fields for the coded terms corresponding to gabapentin and

pregabalin.

2.3 | Data analysis

2.3.1 | Software

Data analysis and statistics (Student's t-test; Chi-squared) were per-
formed using IBM® SPSS™ Statistics for Windows version 27 and
Microsoft Excel 365.

What is already known about this subject

o The gabapentinoids, gabapentin and pregabalin, are
indicated for treating neuropathic pain and generalised
anxiety disorder, and as an adjunct for treating seizures,
in the UK.

e They also have a growing reputation as possessing
misuse potential, likely related to their reported ability to

reduce tolerance to opioids.

What this study adds

e Gabapentinoids alone rarely cause death, but clinically
relevant doses can prove fatal, possibly due to reducing
tolerance to opioids.

e In 25.3% of gabapentinoid deaths in England, the
gabapentinoid had been co-prescribed with an opioid.

e Doctors and patients should be aware of this interaction,
and gabapentinoid-opioid co-prescribing needs urgent

revision.

2.3.2 | 2020 Projection

There is a time delay between death and coronial inquest conclusion.
Based on jurisdiction reporting trends, further deaths occurring in
2020 are anticipated to be reported to NPSAD, the number of which
has been projected. Such projections have been made previously

using NPSAD data?*2> which upon re-analysis proved accurate.

2.3.3 | Cause of death

Causes of death are categorised by coroners, as follows:

Cause la: The immediate cause of death (and underlying if no 1b or
1c cited).

Cause 1b: Any disease/circumstances 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.

Underlying cause of death was identified using these criteria.

2.34 | Method of obtainment

GP summaries and hospital records were used to categorise cases

by gabapentinoid source: prescribed cases were those with a
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(A) Total number of deaths reported to NPSAD from England with gabapentin and/or pregabalin detected at postmortem. Further

deaths occurring in 2020 are anticipated to be received (see Section 2.2). The secondary y-axis shows the number of General Practitioner
prescriptions for prescribed gabapentinoids in England by year.2® Detection of deaths with (B) gabapentin and (C) pregabalin delineated by source

of obtainment

gabapentinoid prescription; illicit cases those where prescribing status
was known but did not list a gabapentinoid; unknown cases were

those where prescribing history was not provided.

235 |

Prescribing data

Prescribing data were extracted from OpenPrescribing.net.?%

3 RESULTS

|
There 3051 deaths with
913 cases with gabapentin (29.9%), 2322 cases with pregabalin
(76.1%), 184 cases with both co-detected (6.0%). The first death
with gabapentin detected occurred in 2004, and with pregabalin in
2006.

The number

were gabapentinoid  detection:

of deaths following gabapentinoid use has
(Figure 1A). 8.9% NPSAD reports in 2014
detected a gabapentinoid, rising to 32.3% in 2020. Whilst more
gabapentin prescriptions were issued 2004-2019, deaths related to

increased of all

pregabalin have been in the significant majority since 2014
(68.2% of cases in 2014 [n = 101/148] rising to 85.2% of cases in
2020 [n = 593/696]; all P <.05). Gabapentin and pregabalin were
illicitly obtained in 38.0% (n = 347/913) and 41.0% (n = 951/2322;
Figures 1B and 1C) of cases, respectively, and had been prescribed

in comparable proportions of cases (37.1% of gabapentin cases
[n =339/913]; 34.6% [n = 803/2322];
Figures 1B and 1C).

Opioids were co-detected with a gabapentinoid in 92.0% of
cases (total cases [n = 2808/3051]; 91.3% of gabapentin cases
[n = 834/913]; 92.8% of pregabalin cases [n = 2154/2322]). Alcohol
was co-detected in a significantly smaller proportion of cases (24.5%,
n=746/3051, P<.01). A total of 772 decedents (25.3%) were
co-prescribed a gabapentinoid and an opioid, including 11 decedents

of pregabalin cases

co-prescribed an opioid and both gabapentinoids. Methadone was
the most commonly co-prescribed opioid (Table 1). The opioid
prescribing rate was lower when considering all cases, but trends in
opioid type are complementary to trends in cases where
gabapentinoids were prescribed (Table 1).

Acute drug toxicity was deemed the underlying cause of death
in most cases (92.8% of gabapentin cases [n = 847/913]; 95.1%
of [n =2209/2322]), with the detected
gabapentinoid implicated in causing death in approximately half of
cases (49.2% of gabapentin cases [n = 449/913]; 54.9% of pregabalin
cases [n = 1274/2322]). The implication rates of co-detected
opioids were significantly higher (90.4% [n = 754/834] and 93.7%
[n = 2019/2322] of gabapentin- and pregabalin-related cases, respec-
tively; both P <.01). Death was deemed unintentional in 85.4%
(n=779/913) and 91.3% (n=2119/2322) of gabapentin and
pregabalin cases, respectively, with a conclusion of suicide reached in
9.7% (n = 89/913) and 5.3% (n = 123/2322) of respective cases.

pregabalin  cases
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https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2299
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=5458

3914 @ EEEIIVQIB%I‘AEOLOGICAL KALK ET AL.
2 SOCIETY
TABLE 1 Cases with a gabapentinoid and at least one opioid co-prescribed

Prescribed

Gabapentin cases (n = 339)

Any opioid prescribed® 58.7% (n = 230)

(

Buprenorphine 1.2% (n = 4)

Codeine 15.9% (n = 54)
Dihydrocodeine 9.4% (n = 32)
Fentanyl 3.8% (n = 13)
Methadone 13.2% (n = 45)
Morphine 17.4% (n = 59)
Oxycodone 10.0% (n = 34)
Tramadol 15.6% (n = 53)
Other opioid 0.3% (n = 1)°

Pregabalin cases (n = 803) All cases (n = 3051)

51.0% (n = 480) 36.5% (n = 1115)
4.1% (n = 33) 2.4% (n = 73)

13.2% (n = 106) 7.0% (n = 213)
5.7% (n = 46) 3.2% (n = 97)
3.0% (n = 24) 1.7% (n = 52)

20.3% (n = 163) 14.4% (n =

13.9% (n = 112) 7.5% (n = 230)
4.7% (n = 38) 2.9% (n = 89)
8.7% (n = 70) 4.9% (n = 151)
0.6% (n = 5)° 0.2% (n = 7)°

AWill sum to greater than the total number of cases as multiple opioids prescribed in some cases.

bMeptazinol (n = 1).
“Dipipanone (n = 1), meptazinol (n = 2), tapentadol (n = 2).
9Dipipanone (n = 2), meptazinol (n = 3), tapentadol (n = 2).

Postmortem blood concentrations of detected gabapentin (A) and pregabalin (B). Gabapentin detections were quantified in

2-24 mg/L 25-37 mg/L

Toxic

238 mg/L
Fatal

TABLE 2
postmortem blood samples in 592 cases, and pregabalin detections in 1666 cases
<2 mg/L
A Subtherapeutic

Gabapentin administered alone -

Gabapentin polysubstance use including opioids 12.2% (n = 72)

Gabapentin polysubstance use excluding opioids 1.7% (n = 10)
<2 mg/L
B Sub-therapeutic

Pregabalin administered alone -
12.1% (n = 202)
1.1% (h = 19)

Pregabalin polysubstance use including opioids

Pregabalin polysubstance use excluding opioids

3Likely in the fatal range at time of death (see Section 3: Postmortem levels).

Blood concentration reference ranges for gabapentin and
pregabalin are presented in Table 2A and 2B. Sixty-five per cent
(n = 385/592) of cases with gabapentin quantifications and 50.8%
(n = 846/1666) of cases with pregabalin quantifications, correlate
with concentrations relevant to (sub)therapeutic dosing (Tables 2A
and 2B). On average, blood concentrations were higher in cases
where gabapentinoids were implicated in causing death (gabapentin
postmortem only median 9.0 mg/L, interquartile range [IQR] 15 mg/L,
range 0.1-284.0 mg/L; gabapentin-implicated median 22.0 mg/L,
IQR 42.3 mg/L, range 0.01-702.0 mg/L; pregabalin postmortem
IQR 9.0 mg/L, range 0.03-118.0 mg/L,
IQR 21.4 mg/L,

0.03-1305.0 mg/L), with pregabalin, on average, detected at lower

only median 6.0 mg/L,
pregabalin-implicated median 14.0 mg/L, range
blood concentrations than gabapentin.

In two cases a gabapentinoid had been taken alone and was cited
as the immediate and underlying cause of death. In one case
17.0 mg/L gabapentin was detected in a blood sample collected

39 hours post admission, and in the other case a postmortem

Therapeutic
0.2% (n =1)? - -
47.0% (n = 278) 11.0% (n = 65) 20.6% (n = 122)

4.1% (n = 24) 1.5% (n=9) 1.9% (n = 11)
2-10 mg/L 11-69 mg/L 270 mg/L
Therapeutic Toxic Fatal

- 0.1% (n = 1) -
34.5% (n = 574) 41.3% (n = 688) 4.6% (n = 76)

3.1% (n = 51) 2.8% (n = 46) 0.5% (n=19)

concentration of 30.1 mg/L pregabalin was found. In this second case,
the time between pregabalin administration and death is unknown as
the person was found dead.

Decedents prescribed gabapentinoids were on average older
(44.9 years old *10.3) than those who obtained them illicitly
(42.1 years old + 10.4; P < .01). Males represent a larger proportion of
deaths (62.5% of prescribed cases [n = 708/1132]; 70.5% of illicit
cases [n = 867/1230]). A large proportion of decedents were known
to use drugs (63.6%; n = 1940/3051).

4 | DISCUSSION

Despite their rescheduling in April 2019,'8? deaths following
gabapentinoid use persist.2> Opioids were often co-detected, and in a
quarter of deaths both compounds had been co-prescribed.
Gabapentinoid concentrations were commonly in the therapeutic

range, suggesting a significant component of gabapentinoid toxicity
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2021 rather than

relates to their drug-drug interaction with opioids,
basic toxicity from overdosing.

Similar proportions of deaths resulted following prescribed and
illicitly obtained gabapentinoid use. Despite being contraindicated,?
an increasing number of gabapentinoid-opioid co-prescriptions are
being issued.?” This may be driven by initiatives to reduce opioid
prescribing,® the prescribing of pregabalin for anxiety,?® or their use in
treating opioid dependence,?’ despite a lack of long-term efficacy
evidence and concerns about harms.?

Vigilance in gabapentinoid prescribing is also needed to reduce
opportunity for their misuse and diversion, as a black market is well
established.®° Dispensing restrictions that were effective in reducing
the mortality from illicitly obtained methadone in the 1990s%! should
be considered, especially where patients already attend pharmacies for
directly supervised consumption of opioid substitution treatment (OST).

Opioid-gabapentinoid co-administration is common4-16:30.32-34
with a reported 70% prevalence in individuals receiving OST.”®
Healthcare professionals working with people who use opioids should
explain the elevated risk of death with concurrent use of
gabapentinoids—even if taken as prescribed?°—and encourage them
to reduce or stop taking them. The omission of gabapentinoids as a
cause of death when detected alongside opioids may reflect a lack of
awareness of the drug-drug interaction between gabapentinoids and
opioids, or perhaps a view that the presence of opioids is sufficient to
explain demise.

In some cases with therapeutic gabapentinoid levels, sup-
ratherapeutic concentrations may have occurred prior to death
within the toxic/fatal ranges. However, therapeutic doses have
been detected in other studies examining opioid-gabapentinoid
death,1#17:3932-38 |anding cumulative weight to the proposition that
some of the toxicity of the gabapentinoids relates to their drug-drug
interaction with opioids rather than their intrinsic pharmacology.
Healthcare professionals should consider rationalising opioid-
gabapentinoid co-prescribing and explain the risks to patients. Of
note, the new NICE Chronic Pain Guidelines state that opioids and
gabapentinoids should not be initiated for chronic primary pain and
that patients already taking them should be reviewed.®’

Only two deaths were attributable to sole gabapentinoid toxicity,
and these involved relatively high concentrations. One decedent had
a gabapentin level of 17 mg/L, collected ~39 hours post-admission.
Assuming a 10 hour half-life estimate,*° the gabapentin level at admis-
sion could have exceeded 100 mg/L. In the other case, 30.1 mg/L
pregabalin was detected in a postmortem blood sample. Similarly, the
actual concentration of ingested pregabalin was likely substantially
higher. Indeed, case reports attributable to gabapentinoid overdose

alone have detected higher postmortem levels, 304143

Pregabalin seems preferred for recreational use,**3*

perhaps
because it is absorbed more quickly and has greater bioavailability
than gabapentin.***° This is reflected in the postmortem blood levels:
on average, lower concentrations of pregabalin were detected in fatal-
ities indicating higher potency and potential for toxicity (note: the
gabapentinoids do not undergo extensive postmortem redistribution

due to their low volumes of distribution**#¢). This may account for
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the higher number of deaths following pregabalin use than
gabapentin, despite pregabalin being prescribed less often, in a
demographic reflective of gabapentinoid misuse trends (majority male

with a high incidence of substance misuse history#17-3234),

5 | LIMITATIONS

As toxicology testing requests for the gabapentinoids have increased
in response to an awareness of their potential toxicity, part of the
increase in NPSAD reporting is potentially an artefact of improved
gabapentinoid detection. However, as NPSAD receives voluntary
reports and coronial investigations with fully comprehensive toxicol-
ogy screens are not carried out for all deaths,*” the figures presented
here almost certainly under-represent the true number of deaths fol-
lowing gabapentinoid use that has occurred in England. Interpretation
of postmortem toxicology data is also limited by the variation in source
(e.g., femoral or peripheral blood) and the timepoint at which blood
sampling was performed. Cause and manner of death is determined by
the coroner or jury and is subjective based upon the amount of avail-
able evidence. Further analysis accounting for confounding variables is
required before additional comment can be made upon suicide rates.*®
Data pertaining to decedent demographics (e.g., prescribing status,
known history of substance use) was not always provided.

6 | CONCLUSION

The drug-drug interaction between gabapentinoids and opioids may
be of at least equal importance to misuse in explaining gabapentinoid
toxicity. Doctors should be aware of this interaction and patients
informed of the risk. Interventions to reduce continued prescribing of
gabapentinoids in patients who also use or are prescribed opioids,
such as the single consultation or letter-based approaches shown
to be effective in reducing benzodiazepine prescribing,*’ should

be explored.

6.1 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, and
are permanently archived in the Concise Guide to PHARMACOLOGY
2019/20.

ACKNOWLEDGEMENTS
The authors would like to thank Hugh Claridge and Christine Goodair
for their administrative support of NPSAD.

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors. NJK is
supported by the NIHR Biomedical Research Centre for Mental
Health at South London and Maudsley NHS Foundation Trust and
King's College London.


http://www.guidetopharmacology.org

KALK ET AL.

BRITISH
3916 PHARMACOLOGICAL
SOCIETY

COMPETING INTERESTS

D.T. reports personal fees from Lundbeck, and grants and personal
fees from Janssen, outside the submitted work. C.S.C. reports
personal fees from Transport Research Laboratory (TRL), outside the

submitted work. None of the other authors have interests to declare.

CONTRIBUTORS

N.J.K. conceptualisation, visualisation, writing - original draft. C.T.C.
software, validation, formal analysis, investigation, writing - review
and editing. R.S. validation, formal analysis, investigation, writing -
review and editing. H.B. validation, formal analysis, investigation,
writing - review and editing. B.D.W. conceptualisation, investigation,
writing - review and editing. D.T. conceptualisation, writing - review
and editing. C.S.C. conceptualisation, methodology, software, valida-
tion, formal analysis, investigation, resources, data curation, writing -

original draft, visualisation, supervision, project administration.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID
Nicola J. Kalk = https://orcid.org/0000-0002-3820-9243
David Taylor ") https://orcid.org/0000-0002-2557-1710

Caroline S. Copeland "= https://orcid.org/0000-0002-4462-1402

REFERENCES

1. Johansen ME. Gabapentinoid use in the United States 2002
through 2015. JAMA Intern Med. 2018;178(2):292-294. doi:10.1001/
jamainternmed.2017.7856

2. BNF. British National Formulary 79: April 2020-March 2021. London:
Pharmaceutical Press; 2020.

3. National Institute for Health and Care Excellence. Neuropathic
pain in adults: pharmacological management in non-specialist
settings. 2017. https://www.nice.org.uk/guidance/cg173. Accessed
April 20, 2022.

4. Linde M, Mulleners WM, Chronicle EP, McCrory DC. Gabapentin or
pregabalin for the prophylaxis of episodic migraine in adults. Cochrane
Database Syst Rev. 2013;2013(6):CD010609. doi:10.1002/14651858.
CD010609

5. Enke O, New HA, New CH, et al. Anticonvulsants in the treatment of
low back pain and lumbar radicular pain: a systematic review and
meta-analysis. CMAJ. 2018;190(26):E786-E793. doi:10.1503/cmaij.
171333

6. Goodman CW, Brett AS. Gabapentin and pregabalin for pain—is
increased prescribing a cause for concern? N Engl J Med. 2017;377(5):
411-414. doi:10.1056/NEJMp1704633

7. Evoy KE, Sadrameli S, Contreras J, Covvey JR, Peckham AM,
Morrison MD. Abuse and misuse of pregabalin and gabapentin: a sys-
tematic review update. Drugs. 2021;81(1):125-156. doi:10.1007/
s40265-020-01432-7

8. Evoy KE, Morrison MD, Saklad SR. Abuse and misuse of pregabalin
and gabapentin. Drugs. 2017;77(4):403-426. doi:10.1007/s40265-
017-0700-x

9. Torrance N, Veluchamy A, Zhou Y, et al. Trends in gabapentinoid pre-
scribing, co-prescribing of opioids and benzodiazepines, and associ-
ated deaths in Scotland. Br J Anaesth. 2020;125(2):159-167. doi:10.
1016/j.bja.2020.05.017

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.
27.

Driot D, Jouanjus E, Oustric S, Dupouy J, Lapeyre-Mestre M.
Patterns of gabapentin and pregabalin use and misuse: results of a
population-based cohort study in France. Br J Clin Pharmacol. 2019;
85(6):1260-1269. doi:10.1111/bcp.13892

Buttram ME, Kurtz SP. Preliminary evidence of pregabalin misuse
among prescription and/or illicit opioid (mis)users. J Psychoactive
Drugs. 2020;52(2):172-175. doi:10.1080/02791072.2020.1734695
Evoy KE, Covvey JR, Peckham AM, Ochs L, Hultgren KE. Reports of
gabapentin and pregabalin abuse, misuse, dependence, or overdose:
an analysis of the Food and Drug Administration Adverse Events
Reporting System (FAERS). Res Social Adm Pharm. 2019;15(8):
953-958. doi:10.1016/j.sapharm.2018.06.018

Chiappini S, Schifano F. A decade of gabapentinoid misuse: an
analysis of the European Medicines Agency's 'Suspected Adverse
Drug Reactions' database. CNS Drugs. 2016;30(7):647-654. doi:10.
1007/s40263-016-0359-y

Hakkinen M, Vuori E, Kalso E, Gergov M, Ojanpera |. Profiles of
pregabalin and gabapentin abuse by postmortem toxicology. Forensic
Sci Int. 2014;241:1-6. doi:10.1016/j.forsciint.2014.04.028

Handley S, Ramsey J, Flanagan R. Substance misuse-related poisoning
deaths, England and Wales, 1993-2016. Drug Sci Policy Law. 2018;4:
2050324518767445. doi:10.1177/2050324518767445

Slavova S, Miller A, Bunn TL, et al. Prevalence of gabapentin in drug
overdose postmortem toxicology testing results. Drug Alcohol Depend.
2018;186:80-85. doi:10.1016/j.drugalcdep.2018.01.018

Tharp AM, Hobron K, Wright T. Gabapentin-related deaths: patterns
of abuse and postmortem levels. J Forensic Sci. 2019;64(4):1105-
1111. doi:10.1111/1556-4029.14021

Advisory Council on the Misuse of Drugs. Advice on the anticonvul-
sant drugs pregabalin and gabapentin. 2018. https://www.gov.uk/
government/publications/advice-on-the-anticonvulsant-drugs-
pregabalin-and-gabapentin. Accessed April 20, 2022.

Atkins V. Pregabalin and gabapentin to be controlled as class C
drugs. 2018. https://www.gov.uk/government/news/pregabalin-and-
gabapentin-to-be-controlled-as-class-c-drugs. Accessed April 20,
2022.

Lyndon A, Audrey S, Wells C, et al. Risk to heroin users of polydrug
use of pregabalin or gabapentin. Addiction. 2017;112(9):1580-1589.
doi:10.1111/add.13843

Jokinen V, Lilius TO, Laitila J, Niemi M, Rauhala PV, Kalso EA.
Pregabalin enhances the antinociceptive effect of oxycodone and
morphine in thermal models of nociception in the rat without any
pharmacokinetic interactions. Eur J Pain. 2016;20(2):297-306. doi:10.
1002/ejp.728

Bicknell M. The pain of pregabalin prescribing in prisons. Br J Gen
Pract. 2013;63(613):405. doi:10.3399/bjgp13X670615

Gale-Grant O, Bailey J, Burke O, Kelleher MJ. Use of prescribed
psychotropic medications in an opioid substitution therapy
cohort. J Dual Diagn. 2019;15(4):254-259. doi:10.1080/15504263.
2019.1662150

Oyekan PJ, Gorton HC, Copeland CS. Antihistamine-related deaths in
England: are the high safety profiles of antihistamines leading to their
unsafe use? Br J Clin Pharmacol. 2021;87(10):3978-3987. doi:10.
1111/bcp.14819

Corkery JM, Hung WC, Claridge H, Goodair C, Copeland CS,
Schifano F. Recreational ketamine-related deaths notified to the
National Programme on Substance Abuse Deaths, England,
1997-2019. J Psychopharmacol. 2021;35(11):1324-1348. doi:10.
1177/02698811211021588

OpenPrescribing. 2022. https://openprescribing.net/

Montastruc F, Loo SY, Renoux C. Trends in first gabapentin and
pregabalin prescriptions in primary care in the United Kingdom,
1993-2017. JAMA. 2018;320(20):2149-2151. doi:10.1001/jama.
2018.12358


https://orcid.org/0000-0002-3820-9243
https://orcid.org/0000-0002-3820-9243
https://orcid.org/0000-0002-2557-1710
https://orcid.org/0000-0002-2557-1710
https://orcid.org/0000-0002-4462-1402
https://orcid.org/0000-0002-4462-1402
info:doi/10.1001/jamainternmed.2017.7856
info:doi/10.1001/jamainternmed.2017.7856
https://www.nice.org.uk/guidance/cg173
info:doi/10.1002/14651858.CD010609
info:doi/10.1002/14651858.CD010609
info:doi/10.1503/cmaj.171333
info:doi/10.1503/cmaj.171333
info:doi/10.1056/NEJMp1704633
info:doi/10.1007/s40265-020-01432-7
info:doi/10.1007/s40265-020-01432-7
info:doi/10.1007/s40265-017-0700-x
info:doi/10.1007/s40265-017-0700-x
info:doi/10.1016/j.bja.2020.05.017
info:doi/10.1016/j.bja.2020.05.017
info:doi/10.1111/bcp.13892
info:doi/10.1080/02791072.2020.1734695
info:doi/10.1016/j.sapharm.2018.06.018
info:doi/10.1007/s40263-016-0359-y
info:doi/10.1007/s40263-016-0359-y
info:doi/10.1016/j.forsciint.2014.04.028
info:doi/10.1177/2050324518767445
info:doi/10.1016/j.drugalcdep.2018.01.018
info:doi/10.1111/1556-4029.14021
https://www.gov.uk/government/publications/advice-on-the-anticonvulsant-drugs-pregabalin-and-gabapentin
https://www.gov.uk/government/publications/advice-on-the-anticonvulsant-drugs-pregabalin-and-gabapentin
https://www.gov.uk/government/publications/advice-on-the-anticonvulsant-drugs-pregabalin-and-gabapentin
https://www.gov.uk/government/news/pregabalin-and-gabapentin-to-be-controlled-as-class-c-drugs
https://www.gov.uk/government/news/pregabalin-and-gabapentin-to-be-controlled-as-class-c-drugs
info:doi/10.1111/add.13843
info:doi/10.1002/ejp.728
info:doi/10.1002/ejp.728
info:doi/10.3399/bjgp13X670615
info:doi/10.1080/15504263.2019.1662150
info:doi/10.1080/15504263.2019.1662150
info:doi/10.1111/bcp.14819
info:doi/10.1111/bcp.14819
info:doi/10.1177/02698811211021588
info:doi/10.1177/02698811211021588
https://openprescribing.net/
info:doi/10.1001/jama.2018.12358
info:doi/10.1001/jama.2018.12358

KALK ET AL

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Horowitz MA, Kelleher M, Taylor D. Should gabapentinoids be
prescribed long-term for anxiety and other mental health
conditions? Addict Behav. 2021;119:106943. doi:10.1016/j.addbeh.
2021.106943

Martins SS, Fenton MC, Keyes KM, Blanco C, Zhu H, Storr CL. Mood
and anxiety disorders and their association with non-medical
prescription opioid use and prescription opioid-use disorder: longitu-
dinal evidence from the National Epidemiologic Study on Alcohol
and Related Conditions. Psychol Med. 2012;42(6):1261-1272. doi:10.
1017/50033291711002145

Eastwood JA, Davison E. Pregabalin concentrations in post-mortem
blood—a two year study. Forensic Sci Int. 2016;266:197-201. doi:10.
1016/j.forsciint.2016.05.033

Strang J, Hall W, Hickman M, Bird SM. Impact of supervision of
methadone consumption on deaths related to methadone overdose
(1993-2008): analyses using OD4 index in England and Scotland.
BMJ. 2010;341(2):c4851. doi:10.1136/bmj.c4851

Darke S, Duflou J, Peacock A, Farrell M, Lappin J. Characteristics of
fatal gabapentinoid-related poisoning in Australia, 2000-2020. Clin
Toxicol (Phila). 2022;60(3):304-310. doi:10.1080/15563650.2021.
1965159

Elliott SP, Burke T, Smith C. Determining the toxicological significance
of pregabalin in fatalities. J Forensic Sci. 2017;62(1):169-173. doi:10.
1111/1556-4029.13263

Lottner-Nau S, Ovglier B, Paul LD, Graw M, Sachs H, Roider G. Abuse
of pregabalin—results of the postmortem toxicology from 2010 to
2012. Toxichem Krimtech. 2013;80:339-342.

Gomes T, Juurlink DN, Antoniou T, Mamdani MM, Paterson JM, van
den Brink W. Gabapentin, opioids, and the risk of opioid-related
death: a population-based nested case-control study. PLoS Med.
2017;14(10):e1002396. doi:10.1371/journal.pmed.1002396

Nahar LK, Murphy K, Paterson S. Toxicological relevance of
pregabalin in heroin users: a two-year post-mortem population study.
J Anal Toxicol. 2021;bkab070. doi:10.1093/jat/bkab070

Nahar L, Smith A, Patel R, Andrews R, Paterson S. Validated
method for the screening and quantification of baclofen,
gabapentin and pregabalin in human post-mortem whole blood
using protein precipitation and liquid chromatography-tandem
mass spectrometry. J Anal Toxicol. 2017;41(5):441-450. doi:10.1093/
jat/bkx019

Priez-Barallon C, Carlier J, Boyer B, et al. Quantification of pregabalin
using hydrophilic interaction HPLC-high-resolution MS in postmor-
tem human samples: eighteen case reports. J Anal Toxicol. 2014;38(3):
143-148. doi:10.1093/jat/bku004

39.

40.

41.

42.

43.

a4,

45.

46.

47.

48.

49.

BRITISH
PHARMACOLOGICAL 3917
SOCIETY

NICE. Chronic pain (primary and secondary) in over 16s: assessment
of all chronic pain and management of chronic primary pain. 2021.
https://www.nice.org.uk/guidance/ng193. Published April 7, 2021.
Accessed April 20, 2022.

Chen C, Cowles VE, Sweeney M. The intestinal absorption mecha-
nism of gabapentin makes it appropriate for gastroretentive delivery.
Curr Clin Pharmacol. 2013;8(1):67-72.

Cantrell FL, Mena O, Gary RD, Mcintyre IM. An acute gabapentin
fatality: a case report with postmortem concentrations. Int J Leg Med.
2015;129(4):771-775. doi:10.1007/s00414-015-1193-3

Middleton O. Suicide by gabapentin overdose. J Forensic Sci. 2011;
56(5):1373-1375. doi:10.1111/j.1556-4029.2011.01798.x

Ramoo B, Tarau MC, Dudley M, Frazee CC, Garg U. Gabapentin
related fatality: a case study. Tox Talk. 2014;38:19-21.

Bockbrader HN, Wesche D, Miller R, Chapel S, Janiczek N, Burger P.
A comparison of the pharmacokinetics and pharmacodynamics of
pregabalin and gabapentin. Clin Pharmacokinet. 2010;49(10):661-669.
doi:10.2165/11536200-000000000-00000

Baidya DK, Agarwal A, Khanna P, Arora MK. Pregabalin in acute and
chronic pain. J Anaesthesiol Clin Pharmacol. 2011;27(3):307-314. doi:
10.4103/0970-9185.83672

Hamm CE, Gary RD, Mcintyre IM. Gabapentin concentrations and
postmortem distribution. Forensic Sci Int. 2016;262:201-203. doi:10.
1016/j.forsciint.2016.03.028

Nahar LK, Murphy KG, Paterson S. Misuse and mortality related to
gabapentin and pregabalin are being under-estimated: a two-year
post-mortem population study. J Anal Toxicol. 2019;43(7):564-570.
doi:10.1093/jat/bkz036

Molero Y, Larsson H, D'Onofrio BM, Sharp DJ, Fazel S. Associations
between gabapentinoids and suicidal behaviour, unintentional over-
doses, injuries, road traffic incidents, and violent crime: population
based cohort study in Sweden. BMJ. 2019;365:12147. doi:10.1136/
bmj.I2147

Mugunthan K, McGuire T, Glasziou P. Minimal interventions to
decrease long-term use of benzodiazepines in primary care: a system-
atic review and meta-analysis. Br J Gen Pract. 2011;61(590):e573-
e578. doi:10.3399/bjgp11X593857

How to cite this article: Kalk NJ, Chiu C-T, Sadoughi R, et al.
Fatalities associated with gabapentinoids in England (2004~
2020). Br J Clin Pharmacol. 2022;88(8):3911-3917. doi:10.
1111/bcp.15352


info:doi/10.1016/j.addbeh.2021.106943
info:doi/10.1016/j.addbeh.2021.106943
info:doi/10.1017/S0033291711002145
info:doi/10.1017/S0033291711002145
info:doi/10.1016/j.forsciint.2016.05.033
info:doi/10.1016/j.forsciint.2016.05.033
info:doi/10.1136/bmj.c4851
info:doi/10.1080/15563650.2021.1965159
info:doi/10.1080/15563650.2021.1965159
info:doi/10.1111/1556-4029.13263
info:doi/10.1111/1556-4029.13263
info:doi/10.1371/journal.pmed.1002396
info:doi/10.1093/jat/bkab070
info:doi/10.1093/jat/bkx019
info:doi/10.1093/jat/bkx019
info:doi/10.1093/jat/bku004
https://www.nice.org.uk/guidance/ng193
info:doi/10.1007/s00414-015-1193-3
info:doi/10.1111/j.1556-4029.2011.01798.x
info:doi/10.2165/11536200-000000000-00000
info:doi/10.4103/0970-9185.83672
info:doi/10.1016/j.forsciint.2016.03.028
info:doi/10.1016/j.forsciint.2016.03.028
info:doi/10.1093/jat/bkz036
info:doi/10.1136/bmj.l2147
info:doi/10.1136/bmj.l2147
info:doi/10.3399/bjgp11X593857
info:doi/10.1111/bcp.15352
info:doi/10.1111/bcp.15352

	Fatalities associated with gabapentinoids in England (2004-2020)
	1  INTRODUCTION
	2  METHODS
	2.1  National Programme on substance abuse deaths (NPSAD)
	2.2  Case identification
	2.3  Data analysis
	2.3.1  Software
	2.3.2  2020 Projection
	2.3.3  Cause of death
	2.3.4  Method of obtainment


	What is already known about this subject
	What this study adds
	Outline placeholder
	2.3.5  Prescribing data


	3  RESULTS
	4  DISCUSSION
	5  LIMITATIONS
	6  CONCLUSION
	6.1  Nomenclature of targets and ligands

	ACKNOWLEDGEMENTS
	COMPETING INTERESTS
	CONTRIBUTORS
	DATA AVAILABILITY STATEMENT

	REFERENCES


