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Tackling the growing burden of nitrous oxide-induced public

health harms

Safiya A Zaloum, Devan Mair, Alvar Paris, Laura | Smith, Marta Patyjewicz, Barbara L Onen, Alastair | Noyce

Nitrous oxide has been increasing in popularity as a recreational drug in the past decade, and with this an increase in
health harms related to nitrous oxide use, particularly nitrous oxide-induced myeloneuropathy. In response,
governments in many countries have adopted new laws that either target the end user, by criminalising possession,
or target suppliers. The effect of these measures remains to be seen, but the potential to exacerbate harm by targeting
the user and thus affecting health-care-seeking behaviour is a concern. Education around the preventable harm from
recreational use of nitrous oxide and tightening regulations on suppliers are essential in mitigating the increase in

nitrous oxide-related health harms.

Introduction

Nitrous oxide, commonly known as laughing gas, is
an anaesthetic used in medical and dental settings.
When recreationally inhaled it causes a 5-20 s euphoric
effect.! Recreational use of nitrous oxide is increasing?
and, with this, reports of the serious harms from use.’

The Global Drug Survey, a voluntary survey of more
than 32000 participants in 22 countries (mostly
European) found that 22-5% of respondents had used
nitrous oxide in their lifetime, and almost 10% had
used it in the past year.* 7-year trends indicate a global
increase in nitrous oxide use from 10% in 2015 to
20% in 2021.? Nitrous oxide is the third most commonly
used drug after cannabis and cocaine in the UK.” Use is
highest among people aged 16-24 years, although
prevalence estimates could be inaccurate due to the
voluntary nature of surveys. Among people aged
16-24 years, a self-reported survey of 592000 people
globally estimated 24% used nitrous oxide in 2021,
whereas the national crime survey in England and
Wales estimated 4-2% used it in this age group
in 2022-23, falling from a peak of 9% in 2016-17°
Despite this apparent decline, these data do not
necessarily equate to a reduction in harm, as a shift in
use at festivals and nightclubs (ie, occasional users), to
use at home or in public spaces (ie, heavy users), could
represent a shift from sporadic nitrous oxide use to
heavy, frequent use. Increased hospital admissions
in 2022 due to solvents and inhaled anaesthetics,
including nitrous oxide, might indicate an increase in
people using it heavily, contrary to overall national
trends.® Nitrous oxide users who progressively increase
consumption could even meet criteria for addictive
disorders.”® Additionally, concurrent drug use with
nitrous oxide is common.’

Most surveys focus on people older than 16 years,
neglecting an important demographic group known to
use nitrous oxide. A 2016 survey found that 9% of people
aged 11-15 years had been offered nitrous oxide and
in 2021, 1-8% of people aged 11-15 years in the UK
admitted to using nitrous oxide.® There is no data at
population level on nitrous oxide use stratified by ethnic
groups. South Asians made up 57% of patients in
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one large case series, according to self-reported
demographics on electronic patient records, although the
demographics of the urban areas where cases arose could
have contributed to this.’

Nitrous oxide is perceived by many in the population
to be a relatively safe drug. Among 140 young adults
surveyed in London, almost 80% of non-users reported
that they were very likely to try nitrous oxide in the next
3 months." In a 2016 survey, only 23-5% of nitrous oxide
users were worried about the effect of nitrous oxide use
on their physical health and 22-5% were worried about
their mental health." Some people perceive nitrous oxide
as preferable to other drugs due to its shorter duration of
effect, absence of a commonly reported hangover effect,
and a misconception of no perceived executive impair-
ment."” Nitrous oxide is relatively accessible, sold in shops
and widely over the internet. Almost a quarter of people
believe it would be very or fairly easy to obtain nitrous
oxide within 24 h, according to a UK survey.’

Three main factors are thought to be causing the
increase in nitrous oxide use (and related health harms)
within the UK. First, nitrous oxide is cheap to purchase
online. Second, larger cylinders containing roughly
70 times the amount of nitrous oxide of traditional
canisters have become available since 2017 Manu-
facturers are now producing 2000 g cylinders and in
various flavours, such as pineapple and coconut.
Companies acknowledge that the gas is scented, not
flavoured.” There is no legitimate use for scented
propellant gas in the catering industry. Third, despite
being now classified as a Class C drug in the UK, ease
of online purchasing continues without a need to
provide any form of licence. With no distinct odour and
minimal overt drug-related paraphernalia, it might be
easier to conceal nitrous oxide use than other popular
recreational drugs.

Harms associated with nitrous oxide

Reports of health harms due to recreational use of
nitrous oxide have increased since 2000 (figure 1,
appendix p 2), with sparse reports in the decades before.
Neurological harms due to nitrous oxide are most
commonly reported, with an increase in other harms
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Figure 1: Number of PubMed-indexed case reports and case series on health harms due to recreational use of nitrous oxide since 2000

(A) Case reports and series per year since 2000. (B) Case reports and series per year since 2000 categorised by health harm due to nitrous oxide. Case series and reports
can have more than one health harm primarily reported on and could be classified under up to three health harm categories. Other medical harms included acute
pancreatitis (n=1), acute liver injury (n=1), papilloedema (n=1), and skin hyperpigmentation (n=2).

(particularly thromboembolic and psychiatric) in the past
5 years.

Neurological harm

Nitrous oxide-induced myeloneuropathy is an umbrella
term for the neurological harm caused by nitrous oxide,
encompassing subacute combined degeneration of the
spinal cord, a pattern of myelopathy, and a nitrous oxide-
induced peripheral neuropathy. Nitrous oxide-induced
myeloneuropathy is associated with an absolute or
functional B12 deficiency, in which serum B,, concen-
trations are within the reference range. The most
common presenting symptom is paraesthesia,” with
other symptoms including gait disturbance, ataxia,
weakness, and bladder and bowel dysfunction.”” The
true prevalence of neurological symptoms in nitrous
oxide users is unknown, as many might not seek help or
report milder symptoms. A dose-response effect has
been reported,* with many cases in the literature
associated with long-term nitrous oxide use or large
amounts of nitrous oxide in a short time, with high
average consumption seen in large case series.”** The
threshold for sustaining neurological harm is poorly
understood, with some users having symptoms after
using very few canisters.””

Nitrous oxide-induced myeloneuropathy is caused by
an underlying functional vitamin B, (cobalamin)
deficiency. Nitrous oxide irreversibly binds to the cobalt ion
in cobalamin, leading to inactivation and thus preventing

the conversion of homocysteine to methionine.*” There
has been suggestion that prophylactic B12 supplementation
while misusing nitrous oxide does not necessarily prevent
functional deficiency.”

Until recently, there was no consensus on treating
nitrous oxide-induced myeloneuropathy. National guide-
lines published in the UK in 2023 suggest treating
nitrous oxide-induced subacute combined degeneration
of the cord with intramuscular B12 on alternate days for
2 weeks, with a neurological review after this time.
Intramuscular B12 is continued in 2-week courses, with
periodic clinical review, provided there is an objective
ongoing improvement.” Despite many people showing
improvement or complete recovery with treatment, some
sustain permanent disability, typically those with
continued nitrous oxide use.” The predictors of recovery
are not yet known. Almost 90% of people in one case
series had ongoing symptoms at a median of 183 days
after presentation,’ whereas only 33% of people followed
up in another study had persistent neurological deficits.”
High loss to follow-up rates probably mask the true
prevalence of lasting deficits, with high rates of non-
attendance for treatment found.* Methionine has been
used as an adjunct to treatment with B12 and could
represent a future avenue for treatment.”*

Psychological harm

Nitrous oxide can trigger psychological symptoms and
primary psychiatric presentations. These presentations
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include delusions, hallucinations, paranoia, and
depression.” Psychiatric disturbances can be the first
presenting symptoms of nitrous oxide misuse and can
occur in the absence of neurological or other physical
health issues.” Nitrous oxide could precipitate acute
psychosis in some cases.”” A history of psychiatric
conditions can also predispose nitrous oxide use in the
first instance.” Addiction to nitrous oxide is not well
understood. There is probably a psychological element to
the addiction. It is now known that the opioid system is
involved in addiction, and that nitrous oxide binds
directly at opioid receptors and produces typical opioid
behavioural effects in humans.””' There is also evidence
that nitrous oxide stimulates the GABA system.”
Nitrous oxide has addictive potential, with a large
proportion of cases reporting use of nitrous oxide in
larger quantities and for longer than intended, and
spending a great deal of time obtaining, using, and
recovering from nitrous oxide.” Cravings have also been
shown.” One small study of ten nitrous oxide users
showed that all of them met the criteria for substance
abuse and dependence as outlined by the Diagnostic and
Statistical Manual of Mental Disorders fifth edition, of
which most used only nitrous oxide.® Humans might
develop a tolerance to nitrous oxide,” although evidence
in recreational users is scarce. Anecdotally, withdrawal
might also occur.®** One study of more than 400 patients
found that 55% had relapsed 6 months after first
presentation.” Comorbid mental health disorders are
typically associated with poor treatment outcomes and
high service use among people who use substances.*
There is an important role for mental health services and
referral to drug and alcohol services could be required,
particularly if nitrous oxide is part of polydrug misuse.”*

Other health harms

The range of adverse health outcomes related to nitrous
oxide is yet to be fully elucidated. Unlike neurological and
psychological health harms of nitrous oxide, which are
more likely to affect regular users of nitrous oxide, some
harms affect both occasional and regular users. Nitrous
oxide inhalation has been reported to acutely cause
pneumomediastinum and pneumothorax.” Death during
nitrous oxide use is generally linked to asphyxiation.*
Nitrous oxide use has been associated with thrombo-
embolic events, including deep vein thrombosis,
pulmonary embolism, and central venous sinus
thrombosis,”* probably mediated via hyperhomocyst-
einaemia.” Also potentially mediated via hyperhomo
cysteinaemia are myocardial infarction” and stroke,”
both of which have been reported in rare cases after
nitrous oxide use. Cold burns, also known as frostbite
injuries, due to recreational nitrous oxide use have been
reported, especially from the use of larger cylinders.*
Cold burns can occur via two mechanisms: direct spillage
of the liquified gas onto the skin or by contact from the
metal canister as it rapidly cools when the liquid nitrous
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oxide turns into gas.* Cold burns to the medial thighs,
usually bilaterally, are the most commonly reported.
Eight of 16 patients in one case series had full-thickness
burns, with four patients requiring excision and split-
thickness skin grafts.*

Social harms
Social context underpins both the use and the legislation
of nitrous oxide. Although use of nitrous oxide and
related harms have been described across a range of
demographics, use is most prevalent among young
people, with three large case series of patients with
nitrous oxide myeloneuropathy reporting high average
consumption of nitrous oxide and a median age of
21-23 years.*** In two large case series, one reported
37% of users were not currently employed nor in
education,” while the other reported 59% were not
employed nor in education.” These data suggest that
markers of social deprivation are associated with nitrous
oxide and criminalisation of use risks propagating the
poverty—disability cycle.® There has been speculation
that the absence of smell, easy online access, and
misinformation about religious permissibility have led to
high amounts of use among some ethnic groups.*
Individuals have been reported to recreationally use
nitrous oxide in their cars and while driving.® Whether
this car-based use is a socially influenced behaviour is
unknown. Nitrous oxide has been associated with
driving-related road traffic incidents and deaths. Users
might incorrectly assume that the short-lived high
means that cognitive faculties are unaffected during
driving. Dutch road traffic incidents involving nitrous
oxide increased by 80%, from 2652 incidents in 2019
to 4860 in 2021.° As of 2020, 1 in 50 adults in
the Netherlands used nitrous oxide and the drug was
involved in almost 1800 road traffic incidents during
a 3-year period, including 63 fatal incidents.” Driving
is not advised for 30 min after nitrous oxide inhalation
as impairment has been shown up to 30 min after
exposure.® Better quality data collection is required in
the UK to quantify traffic-related harm from nitrous
oxide, and minimising avoidable harm through
awareness is warranted.

The public health approach to nitrous oxide

The public health approach in the UK

The UK Government reviewed their legislation on
nitrous oxide in 2023. Before 2023, legislation under the
2016 Psychoactive Substances Act meant that nitrous
oxide was illegal to supply, produce, and carry with the
intent to supply but not illegal to possess.” From
January, 2018, to September, 2021, the Metropolitan
Police in London recorded 84 nitrous oxide-related
offences under the Psychoactive Substances Act.* In the
2 years after the 2016 Psychoactive Substances Act, there
did not appear to be a change in the use of nitrous oxide,
and there were at least 202 seizures of nitrous oxide by
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Figure 2: Legislation on the recreational use of nitrous oxide in Europe
Map accurate as of May, 2024.

police.” Public Spaces Protection Orders for anti-social
behaviour linked to nitrous oxide use have been in place
in some areas of the UK, including the London Borough
of Tower Hamlets since 2021.” Between May, 2021, and
the end of November, 2022, Tower Hamlets Enforcement
Officers, under the nitrous oxide Public Spaces Protection
Orders, gave 86 anti-social behaviour warnings and
70 enforcements.”

The Advisory Council on the Misuse of Drugs (ACMD)
was commissioned by the UK Home Office in
September, 2021, to review the health and social
implications of nitrous oxide use. This effort was
expedited in January, 2023. The ACMD recommended
additional measures to tackle the non-legitimate supply
of nitrous oxide and advocated for more education
for the public and health-care professionals on the
harms associated with nitrous oxide (appendix p 1). The
ACMD advised against adding nitrous oxide to
the 1971 Misuse of Drugs Act on the grounds that it
would not be proportionate to the harms, would
criminalise young people, and would affect sectors that
use nitrous oxide legitimately.® The UK Government
nonetheless decided to control nitrous oxide under
the 1971 Misuse of Drugs Act, classifying it as a Class C
drug, and cited reasons of anti-social behaviour,
littering, and health harms.* Possession can now result
in a 2-year prison sentence along with an unlimited
fine, whereas supply and production can result in
a 14-year sentence.”

Nationally, no public health programme or intervention
(ACMD recommendation 3) has accompanied the
change in legislation. Several small-scale local campaigns
have been initiated to provide local education and
awareness. For example, N,O: Know The Risks in east
London was launched in 2021 in response to increasing
numbers of people presenting to London hospitals with
nitrous oxide-related harm. This initiative provides
interactive workshops to young people in Tower Hamlets

to empower them with knowledge about the risks of
nitrous oxide.” Neurologists and other medical
professionals have taken to social media to dissuade
young people from consuming nitrous oxide.*

Public health approaches in Europe

A total ban on nitrous oxide is not widely supported by
experts given it would be difficult to enforce due to the
legitimate uses of nitrous oxide.* Although most
countries have not introduced measures specifically
targeting nitrous oxide, some have introduced laws in
response to the rising popularity of nitrous oxide
(figure 2) and health concerns.’ France, Ireland, and
Denmark have prohibited the sale of nitrous oxide to
people younger than 18 years, although this is probably
easily circumvented given the ease of access to nitrous
oxide via the internet. France is in the process of putting
information about the harms of inhaling nitrous oxide
on the packaging of all forms of nitrous oxide.’ Lithuania
banned nitrous oxide except for medical and industrial
purposes in 2020.° Ireland prohibits sale under the
Criminal Justice (Psychoactive Substances) Act 2010,
using similar legislation to the UK before 2023.” In 2023,
Denmark prohibited the possession of nitrous oxide in
a public place and made sale illegal for the purpose of
intoxication.”

The Netherlands banned nitrous oxide as of 2023 by
adding it to Schedule II of the Dutch Opium Act,
prohibiting the import, export, and trade of nitrous
oxide. This legislation prohibits sale rather than use,
although sale as a food additive will still be allowed.
This approach was taken to not discourage individuals
from seeking help should they experience health issues,
a concern shared by health-care professionals in many
countries.”** Belgium banned the possession, trans-
portation, and sale of nitrous oxide both physically and
online unless intended for medical, technical, or
catering purposes.”

We could not identify any EU-wide legislation on the
sale, possession, or consumption of nitrous oxide.

Public health approaches globally

Outside of Europe, fewer countries have laws regulating
the recreational use of nitrous oxide. In Australia, laws
relating to nitrous oxide vary by state. For example, in the
state of South Australia, the sale of nitrous oxide is
restricted under the Controlled Substances Act 1984,
which prohibits the sale of nitrous oxide to people younger
than 18 years and making nitrous oxide visible and
accessible in retail stores,” whereas in Western Australia,
new stricter legislation introduced in late 2024 restricts
the sale of nitrous oxide to registered food and beverage
businesses and restricts the sale to 10 g canisters only,
with larger canisters banned. In Canada, it is prohibited
to sell or advertise the sale of nitrous oxide to the general
public.” There is no federal law in the USA on nitrous
oxide; however, state-level regulations differ. In California,
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a person can be found guilty of a misdemeanour if
they inhale nitrous oxide for recreational purposes.”
Additionally, a person who knowingly dispenses nitrous
oxide for intoxication is liable for a fine of up to US$1000
or imprisonment for up to 6 months.* In 2020, Taiwan
tackled rising recreational nitrous oxide use by regulating
suppliers. Taiwan listed nitrous oxide as a controlled
substance, which meant that unlicensed operators
involved in the supply of nitrous oxide could be fined and
nitrous oxide manufacturers have since had to record
every transaction and submit a monthly report of these to
the Government.”

The inconsistent legislation on nitrous oxide might be
due to many factors. Nitrous oxide is difficult to regulate
due to its legitimate uses in health care and industrial
sectors. The enforcement of any laws targeting the sale
or possession of nitrous oxide becomes difficult as it
requires distinguishing recreational from legitimate use.
The sparse legislation indicates variable popularity of
nitrous oxide. Although nitrous oxide is popular in
western Europe and some parts of southeast Asia as
a recreational drug, this might not be the case in other
countries, due to cultural, social, and economic factors.

Policy effects

The effect of the UK Government passing legislation to
make nitrous oxide a Class C drug remains to be seen.
Neither decriminalisation nor punishments for drug
possession are correlated with rates of drug use for other
drugs.”® Most research and policy focuses on adults,
people older than 16 or 18 years, but adolescents as young
as 14 years have sustained neurological damage due to
nitrous oxide use.” There could be safeguarding issues
for some minors who use nitrous oxide, and it is
important that a punitive approach is not taken with
these young people. One study in Paris, France, showed
that the most socially disadvantaged suburbs were the
most affected by cases of nitrous oxide-induced
neurological damage.*

In 2001, Portugal changed legislation to consider
possession of any illicit drug illegal, but with no
resulting criminal proceedings if the amount of drug
possessed is less than the amount an average user
would use during 10 days. People found in possession
of drugs are referred to a panel that signposts them to
appropriate services. The decriminalisation policy in
Portugal has not led to an increase in drug use, rather
rates for most drugs are lower than levels before 2001.
Drug-related harm has also decreased, probably due
to harm-reduction and treatment implementation.”
Decriminalisation could make it easier to access support
that users need to reduce or stop their drug use, should
they wish to do this.

The main reason cited for scheduling nitrous oxide as
a Class C drug in the UK was due to anti-social behaviour
and littering. Before the decision to criminalise, the
ACMD called for evidence on littering, anti-social
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behaviour, and violence. Littering was anecdotally
recorded; however, the ACMD found no substantive
evidence to associate nitrous oxide with anti-social
behaviour. The ACMD found little evidence of association
with violence in the majority of users,® whereas the
European Crime Prevention Network described a low
risk of organised crime from nitrous oxide, although they
mentioned that making nitrous oxide illegal could
propagate such networks.*

For some nitrous oxide users, especially young people,
comprehensive support in multiple areas of their life
might be required, such as support with housing,
employment, and education, not just for nitrous oxide
cessation. Young people, particularly from disadvantaged
backgrounds with regular use of high volumes of nitrous
oxide, might require additional support beyond the
purely legislative approach. Criminalisation could pose
an additional barrier to accessing this support. Public and
community education has a role in reducing preventable
harm. Accessing regular treatment for neurological
symptoms due to nitrous oxide use is essential for potential
recovery and rarer medical emergencies (eg, pneumothorax
or pulmonary embolism) require immediate attention and
not seeking help could be fatal. However, compared with
other Class C drugs, such as benzodiazepines, the annual
deaths from nitrous oxide in the UK are low at 56 deaths
compared with more than 2000 deaths for benzodiazepines
during a 19-year period. It remains to be seen if the recent
policy change will lead to delayed diagnosis and treatment
and worse long-term outcomes.

The European Crime Prevention Network advocates
forging community partnerships to tackle nitrous oxide
misuse. For example, working with local vendors to
reduce the visibility of nitrous oxide in shops or
introducing the need for ID when purchasing nitrous
oxide. Locally targeted awareness campaigns are key for
reducing harm.* In the UK, there are indications that
many vendors sell nitrous oxide for non-legitimate
purposes, at times packaging B12 supplements, balloons,
or other gas dispensing equipment.® For Winstock and
Ferris* (who run the Global Drug Survey), nitrous oxide
use is unlikely to decrease in response to increased
enforcement, but instead health promotion campaigns
that raise awareness of neurological risks are likely to be
the most effective approach.*

Health and social harms associated with nitrous oxide
use are increasing in UK cities and across Europe, and
several other parts of the world. Further research is
needed to better understand the full range of health and
social effects of nitrous oxide, and more action is
needed to educate those most at risk of nitrous oxide
use and targeted campaigns for heavy users of nitrous
oxide most at risk of health sequelae. Although laws
could reduce use, education to prevent harm and
interventions that target sellers, not the end user, are
necessary. Health policy will play a crucial role in
determining the trajectory of nitrous oxide-induced
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Search strategy and selection criteria

We searched MEDLINE via PubMed from database inception
on April 24, 2024, to ascertain the health harms reported in
case reports and series relating to nitrous oxide. We used
the search string (“nitrous oxide” OR N20) AND
(recreational OR misuse OR abuse) AND (“case report” or
“case series” OR cases OR patient OR patients). A secondary
search was conducted in January, 2025, to obtain any
further reports from Jan 1 to Dec 31, 2024. We included
papers written in English and chose papers based on quality
and breadth of information covered, with a preference for
case reports over singular case reports. Due to the nature of
governmental health policy and the necessity of grey
literature to understand this topic, a systematic search was
not carried out to examine the health policies.

presentations, and how the population that uses nitrous
oxide responds.

Prevention is key to reducing the harm that young
people come to through nitrous oxide use. Targeted
strategies to educate those most at risk are essential. The
use of social media and community initiatives to reach
those most at risk of coming to harm should be
continued, while also making nitrous oxide harder to
obtain. Holding vendors, both physical and online, to
account will be essential in reducing the accessibility and
use of nitrous oxide and the harms caused by it.
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