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Executive summary (English)

Unprecedented in history, the COVID-19 pandemic had wide-ranging impacts on drug
demand, supply and distribution. We conducted this study to characterise the trends, patterns,
and clinical and psychosocial management of acute toxicity related to amphetamines,
cocaine, cannabis, heroin and ketamine abuse presenting to emergency departments in Hong
Kong during the pandemic. We also evaluated the impact of social and recreational venue
closure and social distancing measures on recreational drug-related toxicity.

We analysed 1,453 episodes of acute toxicity involving the above five drugs reported to the
Hong Kong Poison Information Centre by public emergency departments between 23 January
2017 and 22 January 2023. The number of acute toxicities reported did not correlate with the
Central Registry of Drug Abuse data or drug seizure data, except for heroin. Acute toxicities
involving methamphetamine, cannabis and heroin increased at the outset of the pandemic but
then dropped faster than the pre-pandemic period. Ketamine toxicities also increased but the
trend remained the same during the pandemic. No significant changes in the number and
trend of acute cocaine toxicities were observed during the pandemic. Overall, closure of
social and recreational venues had a limited impact on acute drug toxicities. Strict social
distancing measures reduced the number of acute heroin poisonings.

Several changes in the patterns of drug abuse and clinical presentations are noteworthy.
Compared with the pre-pandemic period, during the pandemic, more patients with acute
methamphetamine toxicity presented with agitation, injury and self-harm behaviours;
required invasive treatment and intensive care unit admission; and developed major effects or
died. More acute myocardial injuries and major effects were seen in patients with acute
cocaine toxicity during the pandemic than before. Notably, more female patients with acute
cannabis toxicities were seen in emergency departments during the pandemic than before.
Compared to before, during the pandemic, more heroin abusers used methamphetamine,
presented with agitation, confusion, or hallucinations; or required chemical restraints. As for
ketamine, polydrug abuse with other stimulants such as cocaine was common, and more
alcohol co-ingestion was observed during the pandemic. Overall, presenting during the
COVID-19 pandemic was not significantly associated with severe complications of acute
toxicities, after adjusting for other known factors for poor clinical outcomes. Neither clinical
nor psychosocial interventions changed significantly during the pandemic. However, the
referral network to social workers and non-governmental organisation drug rehabilitation and
treatment services can be further strengthened.

The study shows that the reduction in the number of acute toxicities involving
methamphetamine and heroin during the pandemic did not translate into a lower severity of
poisoning. The increased combination of heroin and methamphetamine, in particular, is
alarming. Education focused on existing heroin users should be further strengthened to avoid
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concurrent misuse of methamphetamine. The increase in cocaine-related acute myocardial
injury is also noteworthy, especially when the global supply of cocaine is increasing. Acute
cannabis toxicity increased during the pandemic, particularly among female drug users. The
number of ketamine users also increased during the pandemic and many of them were multi-
stimulant abusers. Public education on the harms of cocaine, cannabis and ketamine should
be targeted at young people and tailored to specific gender needs.

The findings of this study call for continued vigilance against drug use and related acute
toxicity during and in the aftermath of the COVID-19 pandemic. Coming out of the
pandemic, we must monitor the evolving trends in drug abuse and toxicity and the impact of
the combination of traditional illicit drugs. The role of gender in cannabis abuse and toxicity
needs further studies.
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Abstract
Introduction and background

The COVID-19 pandemic has had an unprecedented impact on every aspect of people’s lives.
However, its impact on the trends, characteristics and management of acute toxicity related to
amphetamines, cocaine, cannabis, heroin and ketamine in Hong Kong is not clear. The
impact of social and recreational venue closure and social distancing measures on
recreational drug-related toxicity is not well studied.

Objectives

The objectives of this study were to (1) characterise the trends and patterns of acute toxicity
related to amphetamines, cocaine, cannabis, heroin and ketamine abuse presenting to
emergency departments (EDs) in Hong Kong during the COVID-19 pandemic and (2)
evaluate the practice of ED interventions, including psychosocial interventions, and referrals
to substance abuse services during the pandemic.

Methods

This was a retrospective study of all consecutive patients reported to the Hong Kong Poison
Information Centre (HKPIC) by public EDs in Hong Kong between 23 January 2017 and 22
January 2023 for acute toxicity related to the recreational use of methamphetamine, cocaine,
cannabis, heroin or ketamine. The electronic medical records of the included cases were
reviewed, with data extracted in parallel by trained research personnel according to a
standardised coding manual. The severity of acute toxicity was ranked using the Poison
Severity Score, and the patient outcome was rated by clinical toxicologists with reference to
the American Association of Poison Control Centers’ National Poison Data System.

We studied the trends in acute toxicity using Poisson regression/negative binominal models,
accounting for the concurrent drop in ED attendance volume during the pandemic. We also
evaluated the correlation between the trends of acute toxicities involving individual drugs and
the number of reported abusers of the respective drugs in the Central Registry of Drug Abuse
(CRDA) published by the Government and drug seizure data from law enforcement agencies.
Interrupted time series (ITS) analysis was performed to evaluate the impact of the COVID-19
pandemic, closure of social and recreational venues and social distancing measures, as
measured by the Oxford COVID-19 Government Response Tracker (OxCGRT) Stringency
Index, on the monthly incidence of acute toxicities involving individual drugs. Patient
demographics, patterns of drug use, clinical presentations and outcomes, and clinical and
psychosocial interventions before and during the pandemic were compared for individual
drugs. Multivariable logistic regression was performed to evaluate the association between
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the pandemic and severe complications for individual drugs, after adjusting for known
independent predictors for poor clinical outcomes.

Results

In total, 1,453 episodes were analysed. From 2018 to 2022, the median incidence rates of
methamphetamine-, cocaine-, cannabis-, heroin- and ketamine-related ED visits were 1.69,
0.65, 0.43, 0.79 and 0.35 per 100,000 population, respectively. No significant correlations
were observed between the number of acute toxicities reported to the HKPIC and CRDA or
drug seizure data for any of the study drugs, except that the number of acute heroin toxicities
was significantly correlated with the fall in the number of heroin abusers in the CRDA
(Spearman’s rho 0.89, p = 0.045). Acute toxicities involving methamphetamine, cannabis and
heroin increased shortly after the beginning of the pandemic but then decreased faster than
the pre-pandemic period. Acute toxicities involving ketamine increased and followed a
similar trend as before the pandemic. As for cocaine, no significant changes in the number
and trend of acute toxicities were observed during the pandemic. Overall, closure of social
and recreational venues during the pandemic had a limited impact on acute drug toxicities.
The Stringency Index was associated with decreased acute heroin toxicities.

Compared with the pre-pandemic period, a significantly higher proportion of patients with
acute methamphetamine toxicity during the pandemic presented with agitation (40.7% vs
30.1%, p = 0.004), injury (18.5% vs 12.9%, p = 0.042) and self-harm behaviours (16.0% vs
10.2%, p = 0.024); required invasive treatment and intensive care unit (ICU) admission; and
developed major effects or died (p = 0.012). Significantly more acute myocardial injuries
(12.7% vs 4.9%, p = 0.015), drowsiness (25.4% vs 14.6%, p = 0.019), and major effects (p =
0.025) were seen in acute cocaine toxicity during the pandemic than before. For cannabis,
more female patients with acute cannabis toxicity (35.5% vs 18.4%, p = 0.01) were seen
during the pandemic than before. Episodes involving heroin were characterised by a
significantly higher proportion with concurrent use of methamphetamine (25.7% vs 15.4%, p
= (0.023); more agitation, confusion, or hallucination; and more need for chemical restraints
during the pandemic compared to before. As for ketamine, polydrug abuse with stimulants
such as cocaine was common, and more alcohol co-ingestion (18.8% vs 6.0%, p =0.011) was
observed during the pandemic than before. In multivariable logistic regression, presenting
during the COVID-19 pandemic was not significantly associated with severe complications
of acute toxicity, after adjusting for known independent predictors for poor clinical outcomes
for the respective drugs.

Conclusions

The COVID-19 pandemic has had multiple impacts on local patterns of drug abuse and
associated toxicities. For acute toxicity related to amphetamines, cocaine, cannabis, heroin
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and ketamine abuse presenting to EDs in Hong Kong during the COVID-19 pandemic, social
and recreational venue closure had no apparent significant impact on drug abuse and toxicity.
Social distancing measures during the pandemic were significantly associated with decreased
number of acute heroin toxicities. However, the reduction in acute toxicities involving
methamphetamine and heroin during the pandemic did not translate into a lower severity of
poisoning, and the increased combination of heroin and methamphetamine is alarming. The
increase in cocaine-related acute myocardial injury is also noteworthy in the face of
increasing cocaine supply and abuse internationally. Acute cannabis toxicity slightly
increased in number during the pandemic, particularly among female drug users for the
former. The number of ketamine users also showed an increase and many of them were also
multi-substance abusers. Further studies are warranted to monitor the trends in drug abuse
and toxicity in the aftermath of the pandemic, the impact of combinations of traditional illicit
drugs, and the role of gender in cannabis abuse and toxicity.

12
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Methyl-2-[[1-(5-fluoropentyl) indole-3-carbonyl]amino]-3,3-
dimethyl-butanoate

5-methoxy-N, N-diethyltryptamine
5-methoxy-N, N-diisopropyltryptamine
5-Methoxy-N, N-methylisopropyltryptamine
Deschloro-N-ethyl-ketamine

Accident and Emergency Department
American Association of Poison Control Centers
Acute coronary syndrome

Acute kidney injury

Alaine phosphatase

Alaine aminotransferase

Acute myocardial infarction

Adult respiratory distress syndrome
Aspartate aminotransferase

Clinical Data Analysis and Reporting System
Confidence interval

Creatine kinase

Clinical Management System
Coronavirus disease 2019

Central Registry of Drug Abuse

Drug Abuse Warning Network
Deschloroketamine

Disseminated intravascular coagulation
Drug-induced liver injury

Extracorporeal membrane oxygenation
Emergency department

Emergency medicine ward

European Drug Emergencies Network
Glasgow Coma Scale

y-glutamyl transferase

Hospital Authority

Hong Kong Poison Information Centre
Intensive care unit

Interquartile range

Interrupted time series
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KDIGO
LOS
LSD
MDMA
MSM
N/A
NGO
NPS
NSTEMI
OR
OxCGRT
PI
PICMS
PMA
PMMA
PSS

RR

SPSS
STEMI
STROBE

TFMPP
TRL
ULN
UNODC
URL

US

Kidney Disease: Improving Global Outcomes
Length of stay

Lysergic acid diethylamide
3,4-methylenedioxy-methamphetamine

Men who have sex with men

Not applicable

Non-governmental organisation

Novel psychoactive substances

Non-ST-elevation myocardial infarction

Odds ratio

Oxford Coronavirus Government Response Tracker
Principal investigator

Poison Information and Clinical Management System
Paramethoxyamphetamine
Paramethoxymethamphetamine

Poison Severity Score

Relative risk

Statistical Package for the Social Sciences
ST-elevation myocardial infarction

Strengthening the Reporting of Observational Studies in
Epidemiology
1—(3-trifluoromethylphenyl)piperazine

Toxicology Reference Laboratory

Upper limit of normal

United Nations Office on Drugs and Crime

Upper reference limit

United States
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1. Introduction

1.1. Background

The coronavirus disease 2019 (COVID-19) pandemic, unprecedented in scale, magnitude and
duration, has had a major impact on lives and livelihoods around the world. Because of the
social distancing measures and travel restrictions implemented in different societies, the
pandemic has brought many changes in illicit drug production, trafficking and consumption,'
disrupting not only the conventional drug markets but also crypto markets on the dark web.?
According to the United Nations Office on Drugs and Crime (UNODC), party drugs such as
3,4-methylenedioxy-methamphetamine (MDMA), lysergic acid diethylamide (LSD) and
cocaine have been used less due to the closing of recreational venues during the pandemic.
By contrast, the use of cannabis and non-medical use of pharmaceutical drugs such as
benzodiazepines are rising because of increased stress, more free time, boredom and changes
in the financial conditions of drug users.! Further complicating the problem is the limited
access to drug rehabilitation services and treatment because of social distancing measures and
other disruptions brought by the pandemic, forcing the drug users to become more isolated
and hidden.

Notably, however, the shift in drug use patterns appears to be heterogeneous across different
regions and lockdown periods. Different research methodologies also seem to come to
different conclusions. In Europe, an online survey of 36,538 adult substance users from 21
countries early in the pandemic showed that most respondents reported no change in
substance use, but both tobacco and cannabis use increased.’ In Australia, a survey of 800
users of ecstasy/ MDMA and other illicit stimulants showed that 70% cited reduced use of
MDMA, and almost half reported less use of cocaine, ketamine, methamphetamine and
nitrous oxide. As for cannabis, 40% of the respondents reported increasing use, and another
40% reported no change in use.* A global survey of 185 addiction medicine professionals
from 77 countries showed an increase in perceived alcohol, cannabis, prescription opioid and
sedative/hypnotic use among drug users, whereas the perceived use of amphetamines,
cocaine and opiates declined during the pandemic.’

Laboratory studies provide another perspective. Serial hair analysis of a small group of
vulnerable drug users in Italy showed that the use of heroin, cocaine, MDMA and cannabis
fell considerably during the lockdown, but this consumption resumed to pre-lockdown levels
when the confinement was over. Notably, the consumption of benzodiazepines and alcohol
had remained high throughout the confinement period, presumably due to better access
during lockdowns and self-medication to replace illicit drugs that were no longer readily
available.® Wastewater analysis in seven European cities showed heterogeneous results for
different substances across different locations, making it difficult to evaluate the effect of the
COVID-19 pandemic on illicit drug use.” In the United States (US), despite a drop in the
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overall drug testing volume during the pandemic, test positivity rose by 35% for non-
prescribed fentanyl and 44% for heroin compared with before the pandemic.® So far, studies
in the emergency department (ED) looking at the trends and patterns of acute recreational
drug toxicity during the pandemic are lacking.

Hong Kong witnessed the first confirmed case of COVID-19 on 23 January 2020. Since then,
multiple social distancing and travel restriction measures have been implemented at different
times in response to the various waves of the pandemic.’ It is unclear how these public health
measures have affected the local drug supply chain and pattern of drug use. It is noteworthy
that during the pandemic, Hong Kong has witnessed the largest seizure of cannabis in a
decade.!®!! Our previous research titled ‘ Acute toxicity related to psychoactive substance
abuse and the impact of emergency department interventions on drug-related reattendance’
(Project Number BDF 190053) has demonstrated a significant association between the
number of acute cannabis toxicities reported to the HKPIC and the market value of cannabis
seized by law enforcement in the same year before the pandemic. It is uncertain that whether
such an association persisted during the pandemic when the mode of drug trafficking might
change. However, the rising trend of cannabis seized by law enforcement, together with its
legalisation in some Western countries, lower perceived harm among users compared to other
illicit drugs and the busting of more and more cannabis dens in Hong Kong,'? still raises
concerns about the increasing use of cannabis in the community. Particularly concerning is
the rising trend in cannabis abuse among youths found in surveys. The 2017/18 Student
Survey revealed that 13,600 had tried cannabis, compared with 8,600 in 2014/2015.13

1.2. Knowledge gaps
In summary, knowledge gaps exist in the following areas:

1. The impact of the COVID-19 pandemic on the trends and characteristics of patients who
present to EDs with acute toxicity related to the abuse of amphetamines, cocaine, cannabis,
heroin or ketamine in Hong Kong.

2. The impact of the COVID-19 pandemic on ED interventions, including psychosocial
intervention and referral to substance abuse services, for patients with acute toxicity due to
the recreational use of these drugs.

There is a need to monitor the most recent trends and patterns in recreational drug abuse
during the COVID-19 pandemic to inform a timely adaptation of public education strategy
and drug-control interventions. As demonstrated by our previous work, ED-based drug
surveillance studies provide important complementary information about the drug harms and
patterns of health service utilisation in detail, which is otherwise not available based on the
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current CRDA statistics. To the best of our knowledge, local studies to fill these knowledge
gaps are currently lacking.

The COVID-19 pandemic also provides a unique opportunity to observe the impact of
various public health measures, such as the closure of bars and leisure venues and restriction
of social gatherings, on patterns of drug abuse and the occurrence of associated acute toxicity.
The findings will provide important insights into where and how these recreational drugs
reach users and whether shutting down venues has had any impact on usage and the
associated harms. This information will have significant implications for future drug-control
policy by showing where to target interventions for individual drugs as we return to normalcy
or adapt to a new normal in the aftermath of the COVID-19 pandemic.
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2. Study objectives and purpose

The objectives of this study are:

1. To characterise the trends and patterns in acute toxicity related to amphetamine,
cocaine, cannabis, heroin and ketamine abuse presenting to EDs in Hong Kong during the

COVID-19 pandemic.

2. To evaluate the practice of ED interventions, including psychosocial interventions,
and referral to substance abuse services during the COVID-19 pandemic.
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3. Methods

3.1. Study design

This was a retrospective observational study of consecutive patients who were reported to the
Hong Kong Poison Information Centre (HKPIC) by all the Accident and Emergency
Departments (A&Es) of Hong Kong over 6 years between 23 January 2017 and 22 January
2023. The study period covered the first 3 years of the COVID-19 pandemic in Hong Kong
(from 23 January 2020 to 22 January 2023).

For acute toxicity episodes that involved methamphetamine, cocaine and cannabis, our study
team had collected data in a previous study supported by the Beat Drugs Fund Association
(project reference no. BDF190053), which covered 10 years from 1 January 2010 to 31
December 2019. We collected additional data in this study from 1 January 2020 to 22 January
2023 for episodes that involved these three drugs.

Acute toxicity episodes involving heroin and ketamine were not covered by our previous
study. Therefore, the data collection period was from 23 January 2017 to 22 January 2023.
We collected data covering 3 years before and 3 years after the commencement of the
COVID-19 pandemic to identify significant changes brought by it.

We followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies in reporting the findings
of this study.'*

3.2. Research ethics

The study was approved by the Institutional Review Board of The University of Hong
Kong/Hong Kong West Cluster of the Hospital Authority (HA; reference no. UW 22-544)
and the Research Ethics Committee of the Kowloon Central/Kowloon East Cluster of the HA
(reference no. KC/KE-22-0138/ER-4). Our previous study was approved by these two ethics
committees (HKU/HKW IRB no. UW20-597; KEC IRB no. KC/KE-20-0270/ER-2).

Informed consent from the recruited subjects was waived because of the retrospective study
design and the analysis of anonymised data. The study was conducted in full compliance with
the Declaration of Helsinki and the Principles of the International Council for Harmonisation
of Technical Requirements for Pharmaceuticals for Human Use—Good Clinical Practice.
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3.3. Study setting and data sources

Our data source was HKPIC, which is the only poison control centre in Hong Kong and a
central information hub on poisoning. Data on poisoning come from two major sources:
records from a round-the-clock phone consultation service to local health care professionals
and voluntary reporting from all public A&Es in our city.!> Data on each poisoning case,
received from either consultation or reporting, are entered prospectively into the Poison
Information and Clinical Management System (PICMS) by health care staff trained in clinical
toxicology and routinely verified by senior clinical toxicologists. Quality assurance was
maintained by regular audits and team discussion of individual cases. The database contains
territory-wide data that are representative of the local recreational drug use patterns.

3.4. Study population

All patients with acute toxicity related to amphetamines, cocaine, cannabis, heroin or
ketamine within the study period were included. Drug use was defined based on clinical
diagnosis with or without confirmation by urine toxicology immunoassay or hospital
laboratory toxicology screen.

The exclusion criteria were:
1. Unintentional exposure

2. Malicious exposure in which the patients were victims of another person’s
intention to harm them

3. ‘Body packing’ of amphetamines, cocaine, cannabis, heroin or ketamine;
however, individuals who had swallowed drugs hastily to avoid law enforcement
arrest (‘body stuffers’) were still included because they were considered likely to
be drug abusers.

4. Unrelated cases in which clinical presentations were explained by alternative
medical or psychiatric diagnoses, or social or non-medical reasons

5. Confirmed non-exposure, with objective evidence that the initially suspected
involvement of amphetamines, cocaine, cannabis, heroin or ketamine had not
occurred

6. Non-ED cases

In addition, we excluded duplicate records from the PICMS and cases reported outside the
study period.
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3.5. Data collection

Eligible poisoning episodes were identified from the PICMS in HKPIC through a poison
code search (Appendix 1). Electronic medical records were retrieved from the HA Clinical
Management System (CMS) and reviewed for determination of inclusion. The CMS is a
central repository of the clinical, laboratory and outcome data of patients treated in all public
hospitals in Hong Kong. To ensure accuracy, all data were collected independently by two
research assistants in parallel using a standardised data entry manual (Appendix 2). Each
research assistant undertook lectures and data entry training with 100 sample cases before
commencing data collection. The principal investigator crosschecked all data, resolved all
discrepancies in data entry and determined the inclusion of individual cases. We collected the
following data from the PICMS and HA CMS:

1. Demographic data, including age, gender, and social allowance status

2. Poison data, including the type of drug, dose, route, time, place, and reason for
exposure

3. Clinical data, including triage category, clinical features and investigation results.

Triage clinical variables include Glasgow Coma Scale (GCS), blood pressure,
pulse rate, respiratory rate, oxygen saturation, body temperature and pupil sizes

4. Management data, including the use of supportive treatment, decontamination,
antidotes and other specific treatments, such as mechanical ventilation, electrical
therapy and renal replacement therapy

5. Data on severe complications, including acute coronary syndrome, heart failure,
shock, respiratory failure, acute kidney injury, rhabdomyolysis, liver
derangement, seizure, coma, intracranial bleeding and hyperthermia

6. Outcome data, including hospitalisation, intensive care unit (ICU) admission,
psychiatric admission, length of stay and episode death

7. ED interventions, including psychiatry consultation and referral to social worker
and non-governmental organisation (NGO) drug treatment and rehabilitation
services

We evaluated the whole clinical course of each case and graded the severity of toxicity using
the Poison Severity Score (PSS), which classifies the severity of poisoning into five
categories: (0) none, (1) minor, (2) moderate, (3) severe and (4) fatal poisoning, based on the
most severe clinical features. We checked the occurrence of a particular symptom or sign
against the PSS chart (Appendix 3) and assigned a severity grade for each case.'® PSS is
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commonly used in similar studies on substance abuse in the literature, and it has been
validated.!”!® It allows comparison of the severity of acute recreational drug toxicity across
different centres. All grading was performed by the principal investigator, who is an
emergency medicine specialist with post-graduate training in clinical toxicology.

The outcome of acute poisoning is routinely classified by HKPIC staff into five categories:
no effect, mild effect, moderate effect, major effect or death, with reference to the American
Association of Poison Control Centers’ National Poison Data System before the study
(Appendix 4)." The relationship between the exposure to the poison and the clinical
outcomes is graded as definite, probable, possible, not related or undetermined/not applicable
according to the judgement of the clinical toxicologists in HKPIC.

3.6. Sample size calculation

According to the HKPIC database, 48 cases of cannabis, 51 cases of cocaine, 132 cases of
methamphetamine, 66 cases of heroin, and 43 cases of ketamine were reported from January
2020 to January 2021. Assuming similar figures in 2021 to 2023, the number of cases in the
first 3 years of the COVID-19 pandemic would be around 900, considering that some might
involve polysubstance abuse and duplicate entries. For cannabis, methamphetamine and
cocaine, we already had data on 534 episodes, covering 23 January 2017 to 31 December
2019, from our previous study. Additional data from 1 January 2020 to 22 January 2023
during the COVID-19 pandemic were collected for cannabis, methamphetamine and cocaine.
For heroin and ketamine, we extended data collection back to 23 January 2017 and reviewed
episodes involving them up to 23 January 2023. Therefore, in total, the estimated sample size
was more than 1,800 episodes after pooling all data, including 1,300 additional episodes
reviewed in this study. This sample size was sufficient for trend analysis and comparative
analysis before and during the pandemic.

3.7. Definitions

3.7.1. Definition of the pre-COVID-19 and COVID-19 pandemic periods

The first case of COVID-19 was officially confirmed by the health authority on 23 January
2020.2° We defined the period from 23 January 2017 to 22 January 2020 as the “pre-
pandemic period’ and the period 23 January 2020 to 22 January 2023 as the ‘pandemic
period’.
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3.7.2. Definition of poor clinical outcome

Similar to our previous study, we defined poor clinical outcome as a composite outcome of
severe complications, including cardiac arrest, acute myocardial injury, myocardial
infarction, ventricular dysrhythmia, heart failure, shock, respiratory failure, seizure, coma,
acute kidney injury (AKI), liver injury, rhabdomyolysis, acute ischaemic stroke, intracranial
bleeding that was not due to injury and disseminated intravascular coagulation. The details of
the definition of individual complications are given in Table 1.

We did not include the need for ICU admission in the definition because non-clinical factors
such as ICU bed availability and the admission policies of individual hospitals affect such
decisions. Likewise, the provision of certain invasive treatments, such as mechanical
ventilation or renal replacement therapy, was also not included in the definition of poor
clinical outcome because the accessibility of such treatments varies across different hospitals
and periods and the medical conditions for which these invasive procedures are indicated are
already covered in the definition.

Table 1. Definition of severe complications related to drug abuse

Condition Definition

Acute myocardial injury Elevated cardiac troponin value above the 99" percentile
of the upper reference limit, with a rise and fall of the
value, according to the Fourth Universal Definition of
Myocardial Infarction.?!

Myocardial infarction As documented in the medical notes.
Ventricular dysrhythmia As documented in the medical notes.
Heart failure As documented in the medical notes.
Shock Systolic blood pressure < 90 mmHg or mean arterial blood

pressure < 65 mmHg or clinical diagnosis of circulatory
shock in the clinical notes when the blood pressure
readings were above the cut-off points.??

Respiratory failure As documented in the medical notes.

Seizure As documented in the medical notes.

Coma As documented in the medical notes.

Acute ischaemic stroke As documented in the medical notes.

Intracranial bleeding As documented in the medical notes.

Drug-induced liver injury (a) Alanine transferase (ALT) value > 5 x upper limit of
(DILI) normal (ULN), (b) alanine phosphatase (ALP) value > 2 x

ULN, or (¢) ALT value > 3 x ULN and total bilirubin > 2
x ULN? after excluding concurrent rhabdomyolysis.?*
Only patients with concurrently elevated bilirubin or y-
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glutamyl transferase (GGT) levels, which are inconsistent
with isolated muscle injury, were considered to be
suffering from DILI in this study.?® Patients with an
alternative explanation of liver derangement, such as
hepatitis C infection, were also not considered to have
DILI in our study.

Acute kidney injury (AKI) Based on the Kidney Disease: Improving Global
Outcomes (KDIGO) Clinical Practice Guidelines for
Acute Kidney Injury.?®

Rhabdomyolysis Creatine kinase (CK) level > 1,000 IU/L in the absence of
myocardial infarction/CK elevation with cardiac aetiology,
chronic renal failure or neuromuscular disease with
myopathy.?” We did not include symptoms in this
definition because many patients were intoxicated at the
time of presentation, and they might not have been able to
accurately report muscle pain or weakness.

Disseminated intravascular As documented in the medical notes.
coagulation

3.7.3. Definition of social and recreational venues

To evaluate the impact of the closure of social and recreational venues such as bars and party
rooms on drug use and acute toxicities, we followed the definitions in the Prevention and
Control of Disease (Requirements and Directions) (Business and Premises) Regulation (Cap.
599F) for different premises.?® We classified these premises into two broad groups for
analysis (Table 2), based on the presumed likelihood of exposure to recreational drugs and
different times of closure of these premises throughout the COVID-19 pandemic. We believe
that drug exposure was more likely in Group 2 premises, which include bars, pubs, party
rooms, nightclubs and karaoke. These premises were generally closed for a longer period
during the pandemic.
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Table 2. Classification of social and recreational venues

Group Premises

[

Group 1 Amusement game centres
Places of amusement
Places of public entertainment
Fitness centres
Sports premises
Beauty parlours
Club-houses
Mahjong-tin kau premises
Massage establishments

. Cinemas

A N A A

—
)

Group 2 Bars or pubs
Nightclubs

Karaoke establishments
Party rooms

Bathhouses

AN e

3.8. Data analysis

3.8.1. Annual incidence and correlation analyses

Descriptive statistics were used to analyse the distribution of characteristics of the study
population. Missing values were not imputed. We calculated the median annual incidence of
drug-related visits per 100,000 ED attendances and the median annual incidence of ED visits
for drug-related problems per 100,000 population for each of the drugs of interest over the
study period. The mid-year population estimates were based on the data published by the
Census and Statistics Department of the Government of the Hong Kong Special
Administrative Region.?” We then evaluated the correlation between the number of patients
with acute recreational drug toxicity reported to the HKPIC and the number of respective
drug abusers reported in the CRDA.*®* We also performed a similar correlation analysis
between the HKPIC data and the amount and market value of the drugs seized by the
Customs and Excise Department of the Hong Kong Special Administrative Region in the
same year, up to 2021 (The drug seizure data in 2022 was not yet published at the time of
writing of this report).>!* We did not include 2017 or 2023 in the estimation of annual
incidence and correlation analyses because we did not have complete data for the whole year.
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Concerning MDMA and novel psychoactive substances (NPS) identified during data
collection, the number of acute toxicities was too small for meaningful incidence and
correlation analyses. We only reported the number of acute toxicity episodes involving them
each year separately.

3.8.2. Interrupted time series analyses of the trends in drug toxicities

To evaluate the impact on the trends in drug toxicities of the COVID-19 pandemic, closure of
different social and recreational venues and social distancing measures during the pandemic,
we performed interrupted time series (ITS) analyses. We divided the whole study period into
72 months, with each monthly interval spanning from the 23™ day of a month to the 22™ day
of the following month, since the first COVID-19 case was officially confirmed on 23"
January 2020. The dependent variables were the number of acute toxicities of
methamphetamine, cocaine, cannabis, heroin and ketamine reported to the HKPIC per month.

The whole 72-month study period covered at six seasonal cycles, which was long enough for
modelling complex time series and seasonality. These monthly data allowed us to assess the
seasonality, trends and the impact of the COVID-19 pandemic, closure of different social and
recreational venues as well as social distancing measures introduced during the different
waves of the pandemic.

We were aware that the period of closure of some venues did not fit exactly well into the
defined monthly time intervals. For instance, the start date of closure did not fall exactly on
the 23" day of a month. In that case, we evaluated the period of closure of these premises in
the involved monthly intervals. If the closure lasted longer than 50% of a particular monthly
interval, we defined the premises as ‘closed’ in that particular monthly interval, and the
opposite if the closure was shorter.

We evaluated the impact of the COVID-19 pandemic by including it as a dummy variable in
the analysis (“pre-pandemic period’ = 0 and ‘pandemic period’ = 1). Social distancing
measures implemented during the different waves of the COVID-19 pandemic were
quantified using the Stringency Index from the Oxford Coronavirus Government Response
Tracker (OxCGRT) project. The OxCGRT Stringency Index is a composite measure of nine
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metrics: school closures; workplace closures; cancellation of public events; restrictions on
public gatherings; closure of public transport; stay-at-home requirements; public information
campaigns; restrictions on internal movements; and international travel controls.>® The Index
ranges from 0 to 100, with a high score indicating a stricter government response. The Index
has been widely used in studies on the impact of government responses during the COVID-19
pandemic on various health outcomes.3*3*

We then evaluated the trend using Poisson regression/negative binomial models (depending
on model stability and dispersion of variance) with the logarithm of total ED attendance of
the same year as the offset term. We retrieved the total ED attendance in each of the included
months from the Clinical Data Analysis and Reporting System (CDARS) of the HA. We
included month, the pandemic, social and recreational venue closure, Stringency Index into
the model as interactive terms to evaluate the change in level and trend in acute toxicities of
each study drug during the pandemic.

3.8.3. The impact of the pandemic on drug use pattern and clinical outcome

We stratified patients into groups who presented during the pre-pandemic period and
pandemic period for each drug. Pearson’s chi-square test or Fisher’s exact test, where
appropriate, were used to study the differences in proportions between groups. For variables
in a normal distribution, we compared the mean values of the variables of interest across
different groups using Student’s t-test. For variables that did not follow a normal distribution,
we calculated the median and interquartile range (IQR) and used non-parametric test for
comparison of the median values. Furthermore, univariate and multivariable logistic
regression analyses were performed to evaluate whether presentation during the pandemic
period was associated with a poor clinical outcome, after controlling for known confounding
factors identified in our previous and current work.

The Statistical Package for the Social Sciences (SPSS) version 27.0 (IBM Corp., Armonk,
NY, USA) for Windows version 27.0 and R version 4.2.1 or later (R Foundation for
Statistical Computing, Vienna, Austria) were used for data analysis. A two-tailed p value <
0.05 was considered statistically significant.
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4. Results

During the study period, 1,714 episodes of acute toxicity were identified from the PICMS in
the HKPIC, based on the predefined search criteria. Of these, 261 episodes were excluded
after case review, and 1,453 episodes were included for analysis (Figure 1). These 1,453
episodes included 534 episodes of acute toxicity involving methamphetamine, cocaine, or
cannabis included in the previous project (project reference no. BDF190053). Figure 1 shows
the patient flow diagram and the reasons for exclusion.

n=1,714

Total number of episodes identified in the PICMS
from 23 Jan 2017 to 22 Jan 2023

A 4

261 episodes excluded in the analysis

Recreational use of other drugs only n = 72*
Involving cough mixture/pills n = 27
Involving methadone n =36
Involving other opioids n =5
Involving sleeping pills/hypnotics n = 16

Unintentional exposure n = 40

Intentional overdose n = 23

Malicious n =23

Body packing n =2

Unrelated cases n =77

Confirmed non-exposure n = 11

Non-ED casesn =6

Duplicate n =2

Incomplete case record n =2

Outside the study period n =3

Total number of episodes included in analysis n = 1,453

Figure 1. Patient flow diagram and reasons for exclusion

*Footnote

The sum of the number of episodes involving cough mixture/pills, methadone, other opioids
and sleeping pills/hypnotics was greater than 72 because of polysubstance abuse.
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4.1. Annual incidence and correlation analyses

4.1.1. Overall analysis

From 2018 to 2022, the median annual incidence of acute toxicity related to
methamphetamine, cocaine, cannabis, heroin and ketamine were 6.01 (IQR 4.36-7.16), 2.65
(IQR 2.36-3.17), 1.50 (IQR 1.26-2.39), 3.15 (IQR 1.22-3.65) and 1.24 (IQR 1.07-2.27) per
100,000 ED attendances, respectively. The median incidence rates of methamphetamine-,
cocaine-, cannabis-, heroin-, and ketamine-related ED visits were 1.69 (IQR 1.02-1.73), 0.65
(IQR 0.59-0.78), 0.43 (IQR 0.32-0.54), 0.79 (IQR 0.28-0.95) and 0.35 (IQR 0.26-0.51) per
100,000 population, respectively. Figure 2 shows the number of acute toxicities related to
methamphetamine, cocaine, cannabis, heroin and ketamine reported to the HKPIC from 2018
to 2022.

Acute toxicities related to methamphetamine, cocaine,
cannabis, heroin and ketamine reported to HKPIC from 2018
to 2022

140

120
100

80

. T~ -
20 __-—--"'—___——"”””—’——”—----.\\\--.....-..."‘--

The number of episodes reported to the HKPIC

2018 2019 2020 2021 2022
Year
e \lethamphetamine === Cocaine Cannabis e Ketamine Heroin

Figure 2. The number of acute toxicities related to methamphetamine, cocaine, cannabis,
heroin and ketamine reported to the HKPIC from 2018 to 2022.

During the study period, 56 episodes of acute toxicity involving MDMA, 21 episodes
involving LSD and 46 episodes involving NPS were reported to the HKPIC. Table 3 shows
the distribution of these episodes throughout the study period. A detailed discussion of each
individual NPS is given in Appendix 5.
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Table 3. The number of acute toxicities related to 3,4-methylenedioxy-methamphetamine and
novel psychoactive substances reported to the HKPIC from 2017 to 2023.

2017 2018 2019 2020 2021 2022 2023

(from (up to
23 Jan 22 Jan
2017) 2023)
MDMA 12 5 9 16 6 8 0
Phenylethylamines
PMMA/PMA 2 0 0 2 0 0 0
2-FEA/3-FEA/4-FA 0 0 1 0 0 0 0
2C-B 0 0 0 1 0 0 0
Synthetic cathinones
N-cyclohexylmethylone/ 1 1 1 4 0 0 1
Dibutylone/ Ethylone/ Eutylone/
Pentylone
Tryptamines
5-MeO-MiPT/ 5-MeO-DET 0 1 0 0 0 0
Psilocin (magic mushroom) 0 0
Piperazines
TFMPP 1 0 0 0 0 0 0
Phencyclidines
2-0x0-PCE 20 2 0 2 0 0 0
DCK 0 0 0 2 0 0 0
Fluoro-2-ox0-PCE 0 0 0 0 0 0 1
2F-DCK 0 0 0 3 0 0 0
Tiletamine 0 0 1 0 4 2 0
Novel benzodiazepines
Etizolam 0 0 0 1 0 0 0
Novel opioids
Fentanyl 0 0 0 0 0 1
Protonitazene 0 0 0 0 0 1
Synthetic cannabinoids
5F-MDMB-PICA 1 0 0 0 0 0 0
Other substances
1P-LSD 0 0 1 0 0 0 0

Abbreviations: 2C-B, 4-bromo-2,5-dimethoxyphenethylamine; DCK, deschloroketamine; 2F-DCK, 2-
fluoro-deschoroketamine; 4-FA, 4-fluoroamphetamine; 2-FEA, 2-fluoroethylamphetamine; 3-FEA, 3-
fluoroethylamphetamine; SF-MDMB-PICA, methyl (2S)-2-{[ 1-(5-fluoropentyl)-1H-indole-3-
carbonyl]amino}-3,3-dimethylbutanoate; MDMA, 3,4-methylenedioxy-methamphetamine; 5-MeO-
DET, 5-methoxy-N, N-diethyltryptamine; 5-MeO-MiPT, 5-Methoxy-N, N-methylisopropyltryptamine;
2-0x0-PCE, deschloro-N-ethyl-norketamine; 1P-LSD, 1-propionyl-d-lysergic acid diethylamide;
PMA, paramethoxyamphetamine; PMMA, paramethoxymethamphetamine; TFMPP, 1-(3-
trifluoromethylphenyl)piperazine
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4.1.2. Number of acute toxicities involving methamphetamine

Figures 3—5 show the plots of the numbers of acute toxicities of methamphetamine against
the reported number of methamphetamine abusers in the CRDA, as well as the quantity and
estimated market value of methamphetamine seized by law enforcement in the same year.
Both the HKPIC and CRDA showed a decline in the reported numbers from 2018 to 2022,
but their correlation was not statistically significant (Spearman’s rho 0.60, p = 0.29). No
correlation was found between the quantity (Spearman’s rho -0.20, p = 0.80) and the
estimated market value (Spearman’s rho -0.20, p = 0.80) of methamphetamine seized by law
enforcement with the respective data in HKPIC on methamphetamine. Both increased
considerably from 2018 to 2022.

Comparison of the number of acute toxicities related to
methamphetamine reported to the HKPIC and the number of
reported methamphetamine abusers in the CRDA
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Figure 3. Comparison of the number of acute toxicities related to methamphetamine reported
to the HKPIC and the number of reported methamphetamine abusers in the CRDA.

37



Version 2, date 8 Sep 2023

Comparison of the number of acute toxicities related to
methamphetamine reported to the HKPIC and the quantity of
methamphetamine seized by law enforcement

140 1400.0
o
[a
4
T
o 120 1200.0
<
)
o
2
3 L
t .E
8 100 1000.0 ©
2 g
3 Spearman’s rho -0.20, p =0.800 b
g £
2 g
S 80 8000 S
(] (O]
£ <
£ £
3 ©
(] ey
< -
g. 60 600.0 g
o G
o) Z
£ 1=
2 40 4000 3
3 T T
© (]
Y =
o =
@
E
S 20 200.0
[y
(]
e
'_
0 0.0
2018 2019 2020 2021
Year
e HKPIC methamphetamine record e Quantity of methamphetamine seized

Figure 4. Comparison of the number of acute toxicities related to methamphetamine reported
to the HKPIC and the quantity of methamphetamine seized by law enforcement.
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Comparison of the number of acute toxicities related to
methamphetamine reported to the HKPIC and the estimated

market value of methamphetamine seized by law enforcement
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Figure 5. Comparison of the number of acute toxicities related to methamphetamine reported
to the HKPIC and the estimated market value of methamphetamine seized by law

enforcement.
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4.1.3. Number of acute toxicities involving cocaine

Figures 6—8 show the number of acute toxicities related to cocaine reported to the HKPIC
compared with the reported number of cocaine abusers in the CRDA, as well as the quantity
and estimated market value of cocaine seized by law enforcement in the same year. No
significant correlations existed between these reported numbers.

Comparison of the number of acute toxicities related to
cocaine reported to the HKPIC and the number of reported
cocaine abusers in the CRDA
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Figure 6. Comparison of the number of acute toxicities related to cocaine reported to the
HKPIC and the number of reported cocaine abusers in the CRDA.
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Comparison of the number of acute toxicities related to
cocaine reported to the HKPIC and the quantity of cocaine
seized by law enforcement
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Figure 7. Comparison of the number of acute toxicities related to cocaine reported to the
HKPIC and the quantity of cocaine seized by law enforcement.
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Comparison of the number of acute toxicities related to
cocaine reported to the HKPIC and the estimated market value
of cocaine seized by law enforcement
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Figure 8. Comparison of the number of acute toxicities related to cocaine reported to the
HKPIC and the estimated market value of cocaine seized by law enforcement.
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4.1.4. Number of acute toxicities involving cannabis

The HKPIC data and CRDA data showed a peak in the reported number of related acute
toxicities and the number of cannabis abusers in 2020 and 2021, respectively, followed by a
decline in both in 2022 (Figure 9). The correlation between the HKPIC and CRDA data was
not statistically significant (Spearman’s rho 0.05, p = 0.94). The quantity and the estimated
market value of the cannabis seized by law enforcement were also not correlated significantly

with the number of acute toxicities reported to the HKPIC in the same year (Figures 10 and
11).

Comparison of the number of acute toxicities related to
cannabis reported to the HKPIC and the number of reported
cannabis abusers in the CRDA
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Figure 9. Comparison of the number of acute toxicities related to cannabis reported to the
HKPIC and the number of reported cannabis abusers in the CRDA.
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Comparison of the number of acute toxicities related to
cannabis reported to the HKPIC and the quantity of cannabis
seized by law enforcement
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Figure 10. Comparison of the number of acute toxicities related to cannabis reported to the
HKPIC and the quantity of cannabis seized by law enforcement.
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Comparison of the number of acute toxicities related to
cannabis reported to the HKPIC and the estimated market
value of cannabis seized by law enforcement
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Figure 11. Comparison of the number of acute toxicities related to cannabis reported to the
HKPIC and the estimated market value of cannabis seized by law enforcement.
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4.1.5. Number of acute toxicities involving heroin

For heroin, Figure 12 shows that both the HKPIC and CRDA data showed a general decline
trend from 2018 to 2022, with a significant correlation with them (Spearman’s rho 0.89, p =
0.045). In contrary, both the quantity and the estimated market value of the heroin seized by
law enforcement increased, which did not correlate with the HKPIC data (Figures 13 and 14).

Comparison of the number of acute toxicities related to
heroin reported to the HKPIC and the number of reported
heroin abusers in the CRDA
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Figure 12. Comparison of the number of acute toxicities related to heroin reported to the
HKPIC and the number of reported heroin abusers in the CRDA.
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Comparison of the number of acute toxicities related to
heroin reported to the HKPIC and the quantity of heroin
seized by law enforcement
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Figure 13. Comparison of the number of acute toxicities related to heroin reported to the
HKPIC and the quantity of heroin seized by law enforcement.
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Comparison of the number of acute toxicities related to
heroin reported to the HKPIC and the estimated market value
of heroin seized by law enforcement
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Figure 14. Comparison of the number of acute toxicities related to heroin reported to the
HKPIC and the estimated market value of heroin seized by law enforcement.
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4.1.6. Number of acute toxicities involving ketamine

Similar to cannabis, the peaks in the number of acute toxicities related to ketamine reported
to the HKPIC and the number of ketamine abusers in the CRDA appeared in 2020 and 2021,
respectively. A drop in both figures occurred in 2022 (Figure 15), and the correlation between
these two figures was not statistically significant (Spearman’s rho 0.50, p = 0.391). Notably,
both the quantity and the estimated market value of the ketamine seized by law enforcement
rose from 2018 to 2021, with a lack of correlation between the drug seizure data and the data
from HKPIC (Figures 16 and 17).

Comparison of the number of acute toxicities related to
ketamine reported to the HKPIC and the number of reported
ketamine abusers in the CRDA
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Figure 15. Comparison of the number of acute toxicities related to ketamine reported to the
HKPIC and the number of reported ketamine abusers in the CRDA.
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Figure 16. Comparison of the number of acute toxicities related to ketamine reported to the
HKPIC and the quantity of ketamine seized by law enforcement.
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Comparison of the number of acute toxicities related to
ketamine reported to the HKPIC and the estimated market
value of ketamine seized by law enforcement
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Figure 17. Comparison of the number of acute toxicities related to ketamine reported to the
HKPIC and the estimated market value of ketamine seized by law enforcement.
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4.1.7. Number of acute drug toxicities of patients under 21 years of age

For drug abusers under 21 years of age, the correlations between the number of acute toxicities reported to the HKPIC, the reported number of
respective drug users in the CRDA and the drug seizure data are summarised in Table 4.

Acute toxicities

Acute toxicities

Acute toxicities

Acute toxicities

Acute toxicities

related to related to cocaine related to cannabis related to heroin related to ketamine
methamphetamine reported to HKPIC reported to HKPIC reported to HKPIC reported to HKPIC
reported to HKPIC
p (rho) P value p (rho) P value | p (tho) P value p (tho) P value p (tho) P value
Reported number of the | 0.47 0.420 -0.45 0.450 0.20 0.747 0.71 0.182 -0.47 0.420
respective drug abusers
in CRDA
Quantity of the -0.11 0.895 -0.11 0.895 0.80 0.200 -0.26 0.742 0 >0.99
respective drug seized
Estimated market value | -0.11 0.895 -0.11 0.895 0.80 0.200 -0.26 0.742 0 >0.99
of the respective drug
seized

Table 4. Correlation between the HKPIC, CRDA and drug seizure data on drug abusers of methamphetamine, cocaine, cannabis, heroin and

ketamine under the age of 21 years.
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4.2. Interrupted time series analyses on the trends in drug toxicities and the impact of
COVID-19, closure of social and recreational venues and social distancing measures

4.2.1. Overall trends

Figures 1822 show the trends in acute toxicities involving methamphetamine, cocaine,
cannabis, heroin and ketamine from January 2017 to January 2023. The pandemic period is
shaded light grey and the periods of closure of Group 2 social and recreational premises are
shaded dark grey in each diagram. The orange line represents the OxCGRT Stringency Index.

Figure 18. The trends in acute toxicities involving methamphetamine before and during the
COVID-19 pandemic.
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Figure 19. The trends in acute toxicities involving cocaine before and during the COVID-19

pandemic.
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Figure 21. The trends in acute toxicities involving heroin before and during the COVID-19
pandemic .
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Figure 22. The trends in acute toxicities involving ketamine before and during the COVID-19

pandemic.
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4.2.2. The impact of the COVID-19 pandemic

The impact of the COVID-19 pandemic on acute drug toxicities after accounting for long-
term time trends and concurrent changes in ED attendance is summarised in Table 5. Acute
toxicities involving methamphetamine, cannabis and heroin increased shortly at the outset of
the COVID-19 pandemic but then decreased faster than the pre-pandemic period. Acute
toxicities involving ketamine increased shortly after the pandemic and followed a similar

55



Version 2, date 8 Sep 2023

trend during the pandemic. As for cocaine, no significant changes in level and trend were
observed during the pandemic.

Table 5. The impact of the COVID-19 pandemic on the levels and trends of acute drug
toxicities

Acute toxicities Level change Trend change

RR P value RR P value
Methamphetamine 5.11 <0.001 0.97 <0.001
Cocaine* 1.49 0.410 1.00 0.769
Cannabis 23.57 <0.001 0.93 <0.001
Heroin 4.77 0.011 0.97 0.045
Ketamine 6.50 0.003 0.98 0.122

Abbreviation: RR, relative risk
* Poisson regression was used due to instability of the negative binomial model

4.2.3. The impact of the pandemic and social and recreational venues closure

Table 6 summarises the combined impact of the COVID-19 pandemic and closure of Group 2
social and recreational venues on acute toxicities involving methamphetamine, cocaine,
cannabis, heroin and ketamine, after accounting for the long-term time trend and concurrent
changes in ED attendance. Since the closures of Group 1 social and recreational venues were
too short during the pandemic, given the lower likelihood of drug exposure in Group 1
premises, we did not further analyse the impact of Group 1 premises on acute drug toxicities.

Table 6. The impact of the COVID-19 pandemic and closure of Group 2 social and
recreational venues on acute drug toxicities.

Acute toxicities Level change Trend change | Group 2 social and
recreational closure

RR P value RR P value RR P value

Methamphetamine 4.50 <0.001 0.97 <0.001 1.16 0.242
Cocaine* 2.05 0.151 0.99 0.530 0.69 0.055
Cannabis 20.05 <0.001 0.94 <0.001 1.21 0.363
Heroin 4.72 0.016 0.97 0.048 1.01 0.952
Ketamine 6.45 0.005 0.98 0.127 1.01 0.969

Abbreviation: RR, relative risk
* Poisson regression was used due to instability of the negative binomial model
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Similar increased acute toxicities involving methamphetamine, cannabis and heroin
immediately were observed after the pandemic, followed by more rapid downtrends during
the pandemic than before. Again, acute toxicities involving ketamine increased shortly after
the beginning of the pandemic with no significant change in trend during the pandemic. No
significant changes in the level and trend of cocaine toxicities were observed before and
during the pandemic. Closure of Group 2 social and recreational venues did not have a
significant impact on acute toxicities involving any of the study drugs.

4.2.4. The impact of the pandemic and social distancing measures

The impact of the COVID-19 pandemic and social distancing measures, as measured by the
OxCGRT Stringency Index, on acute toxicities involving methamphetamine, cocaine,
cannabis, heroin and ketamine is shown in Table 7. Figures 18—22 show that the most
stringent peroid in early 2022 coincided with the lowest levels of acute drug toxicity of all
study drugs.

After accounting for the long-term time trend and concurrent changes in ED attendance, we
found that acute toxicities involving heroin increased shortly after the beginning of the
pandemic, and decreased signficantly when social distancing measures were more stringent
during the pandemic. Acute toxicities involving ketamine increased significantly shortly after
the pandemic. However, social distancing measures did not have a signficant impact on
ketamine toxicities during the pandemic

Table 7. The impact of the COVID-19 pandemic and social distancing measures on acute
drug toxicities.

Acute toxicities Level change OxCGRT

RR P value RR P value
Methamphetamine 1.33 0.383 1.00 0.311
Cocaine* 1.88 0.120 0.99 0.274
Cannabis 0.77 0.679 1.02 0.060
Heroin 4.38 0.003 0.98 0.012
Ketamine 3.70 0.026 1.00 0.545

Abbreviation: RR, relative risk
* Poisson regression was used due to instability of the negative binomial model
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4.3. Drug use pattern and clinical presentations before and during the COVID-19
pandemic

4.3.1. Methamphetamine abuse before and during the COVID-19 pandemic

There were 412 episodes of acute toxicity related to methamphetamine before the COVID-19
pandemic and 275 episodes during the pandemic. The clinical features and drug use patterns

of patients with recreational use of methamphetamine who presented before and during the
COVID-19 pandemic are summarised in Table 8.

Compared with the pre-pandemic episodes, methamphetamine abusers were older (median
age 39 years vs 37 years, p = 0.042), more likely to be male (82.9% vs 71.1%, p = 0.001) and
more likely to be social allowance recipients (32.0% vs 24.0%, p = 0.021). No episodes
involving non-local residents who abused methamphetamine were reported to the HKPIC
during the COVID-19 pandemic. More patients used three or more different drugs during the
pandemic than before (20.0% vs 11.4%). More patients used cannabis in addition to
methamphetamine during the pandemic than before (4.7% vs 1.9%, p = 0.038), although the

number remained low.

Table 8. Clinical features and drug use pattern of methamphetamine abusers before and

during the COVID-19 pandemic.

Before COVID-  During COVID- P value
19 pandemic 19 pandemic
n=412 n=275
Age—median (IQR), year 37.0 (28.0-44.0) 39.0 (33.0-45.0) 0.042*
Sex—mn (%)
Female 117 (28.4) 47 (17.1) 0.001*
Male 293 (71.1) 228 (82.9)
Transgender 2(0.5) 0(0)
Social allowance—n (%) 99 (24.0) 88 (32.0) 0.021*
Ambulance case—n (%) 333 (80.8) 218 (79.3) 0.617*
Police involved—n (%) 125 (30.3) 85 (30.9) 0.874*
Non-local resident—n (%) 15 (3.6) 0(0) 0.002*
MSM—n (%) 31(7.5) 26 (9.5) 0.369%*
Pregnant at the time of presentation—n 2 (0.5) 1(0.4) >(0.99%*
(%)
Number of drugs abused—n (%)
1 221 (53.6) 140 (50.9) 0.006%*
2 144 (35.0) 80 (29.1)
>3 47 (11.4) 55 (20.0)
Drug also abused at presentation—n
(%)
Cocaine 48 (11.7) 31 (11.3) 0.879*
Cannabis 8 (1.9) 13 (4.7) 0.038%*
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Heroin 40 (9.7) 26 (9.5) 0.912%*

Ketamine 22 (5.3) 21 (7.6) 0.223*

MDMA 4 (1.0) 7 (2.5) 0.127%*

Cough mixture or pills 40 (9.7) 29 (10.5) 0.721*

Zopiclone or zolpidem 29 (7.0) 28 (10.2) 0.143*

Benzodiazepine 25 (6.1) 18 (6.5) 0.800%*

GHB 10 (2.4) 7 (2.5) 0.922%*

Sildenafil 17 (4.1) 11 (4.0) 0.935*

Novel psychoactive substances 5(1.2) 5(1.8) 0.532%*
Co-ingestion of alcohol—n (%) 25 (6.1) 25(9.1) 0.135%
Inhalation as the primary route of 301 (73.1) 195 (70.9) 0.538%*
exposure—n (%)
Triage category—n (%)

Category 1—Critical 43 (10.4) 42 (15.3) 0.201*

Category 2—Emergent 121 (29.4) 85 (30.9)

Category 3—Urgent 228 (55.3) 138 (50.2)

Category 4—Semi-urgent 20 (4.9) 10 (3.6)

Category 5—Non-urgent 0 (0) 0(0)
Acute myocardial injury 30 (7.3) 28 (10.2) 0.180*
Myocardial infarction 1(0.2) 0 (0) >().99%*
Coma 14 (3.4) 13 (4.7) 0.380%*
Seizure 12 (2.9) 9(@3.3) 0.788*
Agitation 124 (30.1) 112 (40.7) 0.004*
Confusion 165 (40.0) 120 (43.6) 0.350%*
Drowsiness 71 (17.2) 63 (22.9) 0.066*
Any hallucination 82 (19.9) 72 (26.2) 0.053*
Any delusion 61 (14.8) 42 (15.3) 0.867*
Severe hyperthermia (temperature> 4 (1.0) 7 (2.5) 0.127**

40°C)
Acute kidney injury—n (%) 55(13.3) 39 (14.2) 0.756*
Rhabdomyolysis—n (%) 81 (19.7) 58 (21.1) 0.647*
Overall PSS—median (IQR) 2.0 (2.0-2.0) 2.0 (2.0-2.0) 0.158#
AAPCC outcome classification

Death 3(0.7) 3(L.1) 0.012*

Major effect 12 (2.9) 21 (7.6)

Moderate effect 134 (32.5) 105 (38.2)

Minor effect 256 (62.1) 141 (51.3)

No effect 7 (1.7) 5(1.8)
Associated injury—n (%) 53 (12.9) 51 (18.5) 0.042%*
Associated infection—n (%) 5(1.2) 7 (2.5) 0.238%*
Deliberate self-harm—n (%) 42 (10.2) 44 (16.0) 0.024*
Violent behaviours to others—n (%) 53 (12.9) 31(11.3) 0.533*

Abbreviations: AAPCC, American Association of Poison Control Centers; GHB, gamma-
hydroxbutyrate; IQR, interquartile range; MDMA, 3,4-methylenedioxy-methamphetamine;
MSM, men having sex with men; PSS, Poison Severity Score

Footnotes: *Pearson Chi-square test, **Fisher’s Exact test, #non-parametric test
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During the pandemic, more patients than before presented with agitation after
methamphetamine abuse (40.7% vs 30.1%, p = 0.004), with associated injury (18.5% vs
12.9%, p = 0.042) and with deliberate self-harm behaviours (16.0% vs 10.2%, p = 0.024).
The proportions of patients who died and had major effects from methamphetamine exposure
were significantly higher during the pandemic compared with the pre-pandemic period,
although the overall PSS did not differ significantly.

Table 9 summarises the clinical management and psychosocial interventions provided to
patients with methamphetamine misuse before and during the COVID-19 pandemic.
Although the use of supportive treatment and physical and chemical restraints did not differ
significantly, higher proportions of methamphetamine users required invasive treatment, such
as intubation and mechanical ventilation (6.9% vs 3.2%, p = 0.022) and renal replacement
therapy (1.8% vs 0.2%, p = 0.040) during the pandemic compared to the pre-pandemic
period. More patients were admitted to general wards (50.5% vs 35.7%, p < 0.00