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Abstract

Background

Hospital patients who use illicit opioids such as heroin may use drugs during an admission
or leave the hospital in order to use drugs. There have been reports of patients found dead
from drug poisoning on the hospital premises or shortly after leaving the hospital. This study
examines whether hospital admission and discharge are associated with increased risk of
opioid-related death.

Methods and findings

We conducted a case-crossover study of opioid-related deaths in England. Our study
included 13,609 deaths between January 1, 2010 and December 31, 2019 among individu-
als aged 18 to 64. For each death, we sampled 5 control days from the period 730 to 28
days before death. We used data from the national Hospital Episode Statistics database to
determine the time proximity of deaths and control days to hospital admissions. We esti-
mated the association between hospital admission and opioid-related death using condi-
tional logistic regression, with a reference category of time neither admitted to the hospital
nor within 14 days of discharge. A total of 236/13,609 deaths (1.7%) occurred following drug
use while admitted to the hospital. The risk during hospital admissions was similar or lower
than periods neither admitted to the hospital nor recently discharged, with odds ratios 1.03
(95% CI1 0.87 to 1.21; p=0.75) for the first 14 days of an admission and 0.41 (95% CI10.30 to
0.56; p<0.001) for days 15 onwards. 1,088/13,609 deaths (8.0%) occurred in the 14 days
after discharge. The risk of opioid-related death increased in this period, with odds ratios of
4.39 (95% Cl 3.75t0 5.14; p< 0.001) on days 1 to 2 after discharge and 2.09 (95% CI 1.92
t0 2.28; p<0.001) on days 3 to 14. 11,629/13,609 deaths (85.5%) did not occur close to a
hospital admission, and the remaining 656/13,609 deaths (4.8%) occurred in hospital
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following admission due to drug poisoning. Risk was greater for patients discharged from
psychiatric admissions, those who left the hospital against medical advice, and those leav-
ing the hospital after admissions of 7 days or more. The main limitation of the method is that
it does not control for time-varying health or drug use within individuals; therefore, hospital
admissions coinciding with high-risk periods may in part explain the results.

Conclusions

Discharge from the hospital is associated with an acute increase in the risk of opioid-related
death, and 1 in 14 opioid-related deaths in England happens in the 2 weeks after the hospital
discharge. This supports interventions that prevent early discharge and improve linkage
with community drug treatment and harm reduction services.

Author summary

Why was this study done?

o The number of deaths due to poisoning by opioids such as heroin is increasing in
England.

« The risk of dying due to a drug overdose varies across time, for example, deaths are
common in the weeks after the release from prison or discharge from drug treatment.

o Hospital patients who use illicit drugs report undertreated pain and opioid withdrawal,
and patients have overdosed in hospital toilets and car parks.

 Hospital admission and discharge may be an opportunity to help people who use illicit
opioids.

What did the researchers do and find?

o We studied people who died due to a fatal drug overdose in England, where an opioid
such as heroin contributed to the death.

o We looked at the history of hospital admissions for these individuals, and we assessed
whether they were admitted to the hospital at the time of death or had recently been
discharged.

» We found that fatal opioid overdoses are 4 times more likely in the 2 days after the hos-
pital discharge than at other times, showing that hospital discharge is a high-risk time
for people who use illicit opioids.

» We also found that some fatal opioid overdoses happened during hospital admissions,
but the number was similar or lower than expected among people who use drugs in the
community.
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What do these findings mean?

o People who use illicit drugs such as heroin need extra support when being discharged
from the hospital.

« Interventions that reduce the risk of fatal overdose, such as opioid agonist treatment
and overdose response training with take-home naloxone (an antidote for opioid over-
dose), may be beneficial when provided in the hospital.

 Hospitals may need to improve training related to addictions and develop policies to
implement these overdose reduction interventions.

Introduction

People who use illicit opioids such as heroin sometimes report unpleasant experiences when
admitted to the hospital for medical treatment. In some cases, hospital staff are suspicious
when patients describe their symptoms, believing they are “drug seeking” [1,2]. In other cases,
staff are concerned about the safety of giving opioid-based medicines to patients who may be
taking opioids from other sources. Sometimes, staff are too busy to verify a patient’s usual dose
of methadone or buprenorphine or do not have sufficient knowledge or training about opioid
dependence [3,4]. These factors can lead to inadequate pain control or delayed or insufficient
opioid substitution [4]. Patients have also said that some staff are judgmental about illicit drug
use and therefore hide the fact that they use drugs [5].

Opioid withdrawal can lead patients to leave the hospital to buy drugs. Some bring a supply
into the hospital to keep them going, and some arrange for dealers to visit them while they are
staying on a ward [3]. Surveys of hospital patients who use illicit opioids suggest that in-hospi-
tal use is common [5,6]. Using drugs in the hospital is associated with high-risk practices,
including using alone in a toilet cubicle, rushing the procedure, taking a bigger dose to reduce
the need for top-ups, and not having the usual equipment such a new needle and syringe, a
tourniquet, and sterile water [5].

There have been newspaper reports of hospital patients taking heroin and being found dead
in a hospital toilet, car park, or another public place close to the hospital [7,8]. However, we do
not know how many times this has happened or if hospital admissions increase the risk of opi-
oid-related death. The period after discharge from the hospital may also be risky, because opi-
oid tolerance may be reduced, and patients may be unwell and more susceptible to a drug
overdose. This study examines whether the risk of opioid-related death is increased during
hospital admission and in the period after discharge. We expected these periods to be associ-
ated with increased risk of opioid-related death.

Methods
Ethical approval

This study was approved by the Public Health England Research Ethics and Governance
Group (PHE REGG), ref R&D412, on October 26, 2020. Data were anonymised before analy-
sis, and personal identifiers such as name, address, or NHS number were not available to the
research team.
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This is a case-crossover study estimating the risk of opioid-related deaths associated with
admission to the hospital. Case-crossover studies measure acute “triggering” effects of tran-
sient exposures [9]. They make within-subject comparisons in the exposure status when an
event occurred (in this study, when someone died after using opioids) with the exposure status
at other times. Case-crossover studies are one of a family of self-controlled study designs that
only include participants who experienced an event. These designs focus on the timing of an
event, in contrast to traditional epidemiological studies that focus on who experiences an
event. This study is addressing the question “do hospital admission and discharge trigger opi-
oid-related deaths?” We chose this design because it allows inclusion of a large proportion of
cases and is statistically powerful, and it controls confounding more effectively than a cohort
design that might compare people who use opioids and are admitted to the hospital with those
not admitted.

Study participants

We studied opioid-related deaths among people in England aged 18 to 64 between January 1,
2010 and December 31, 2019 based on the date of death (rather than registration). We defined
opioid-related deaths as those with an underlying cause of drug poisoning (using the UK
Office for National Statistics definition of drug poisoning [10]: the International Classification
of Diseases-10th Revision [ICD-10] codes X40-X44, X60-X64, X85, or Y10-14) and where an
opioid is also specified (ICD-10 codes T40.0-T40.4 and T40.6) or if opioid dependence (ICD-
10 F11) was the underlying cause of death. Coroners investigate drug-related deaths in
England, including analysis of toxicology results. This means that the causes of death in this
study have been validated to a greater degree than for most deaths. For simplicity, we refer to
these deaths as “fatal opioid overdoses” in the title and author summary, although we use “opi-
oid-related deaths” elsewhere to reflect the difficulty of attributing deaths to one specific drug.
Data were drawn from a database that includes mortality data from the UK Office for
National Statistics and hospital records from the national Hospital Episode Statistics database,
with probabilistic linkage between the 2 sources using the National Health Service (NHS)
number, date of birth, sex, and home address [11]. This database does not include deaths if no
linkage is found (most likely because the decedent was never admitted to the hospital). Using
published mortality data [12], we estimated that 11.8% of deaths were excluded (Fig 1).

Control days

For each case, we sampled 5 days at random from the period 730 to 28 days prior to death, lim-
iting to the same day of the week as death (Fig 2). The reason for limiting to the same day of
the week is that both drug-related deaths and hospital admissions vary by weekday, which may
cause confounding. Fewer hospital admissions and discharges occur at the weekend [13],
while deaths due to drug poisoning peak on Saturday [14]. We chose the period 730 to 28 days
prior to death to avoid control days that are too close to death and may have correlated expo-
sures, while also allowing reasonable exchangeability in the probability of hospital admission.
We then observed the exposure status on the control days. In sensitivity analysis, we repeated
the study with control days sampled from the periods 365 to 28 days before death and 1,095 to
28 days before death.

Exposure status

Control days were classified as (A) currently admitted to the hospital (days 1 to 14 after admis-
sion); (B) currently admitted to hospital (15+ days after admission); (C) days 1 or 2 after
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All opioid-related deaths in England
1Jan 2010-31 Dec 2019 (published data)
16,586

Deaths among individuals without a
linked record in hospital databases
(estimate)

1,959

Individuals with a linked record in
hospital databases
14,627

Aged <18 or 65+ at death
982

Age 18-64
13,645

Possible error in date of death
and/or final hospital admission
recorded during linkage process
8

No conflict recorded during linkage
13,637

Admission with discharge date >3 days
after death date
28

No conflict between dates of death
recorded in hospital and mortality data
13,609

Fig 1. Derivation of study population.
https://doi.org/10.1371/journal.pmed.1003759.9001

discharge; (D) days 3 to 14 after discharge; and (E) neither hospitalised nor recently discharged
(i.e., time spent in the community).

To understand additional differences in the risk of opioid-related death, we further classi-
fied admissions as psychiatric or nonpsychiatric; whether postdischarge risk periods followed
discharge against medical advice or planned discharge; and whether postdischarge periods fol-
lowed admissions of 1 day, 2 to 6 days, or 7+ days. We classified admissions as “psychiatric” if
the patient was admitted to a specialist mental health provider or if the lead treatment specialty
was recorded as “mental health.” We classified discharges as “against medical advice” if the
doctor recorded the discharge method as “self-discharged or discharged by a relative or advo-
cate” [15].

Some deaths occurred in hospital. If a patient was admitted due to drug poisoning (see Fig
A in S1 Appendix for detail on how we classified these admissions), we moved the date of
death to immediately prior to admission and censored the final admission. If a patient died on
the day of discharge and hospital data showed that the patient died in the hospital, the death
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Participant3 =~ e | dl:‘, | I *-
EE EE E B
Participant 4 ceeeeeeeeese | L | [
EA E C E D
Participants =~ e oo R I E l Hl I oo
Time
Key Exposure status
* Opioid-related death A Days 1-14 of hospital admission
--------------- Not eligible for control days B Days 15+ of hospital admission
Days 730-28 before death C Days1-2 after hospital discharge
1 Control day D Days 3-14 after hospital discharge
:l Hospital admission E Not hospitalised and not recently discharged (reference)

A-E

Exposure status

Fig 2. Illustration of patient timelines and selection of control windows for 5 participants. Exposure status at time of opioid-related death is compared
with 5 days sampled between 730 and 28 days before death.

https://doi.org/10.1371/journal.pmed.1003759.9g002

was assigned to exposure status A or B (currently in hospital), while if the hospital data showed

that the patient was discharged alive, exposure status C was assigned (discharged in the past 1

to 2 days).

For 28 individuals, we found discordant data in which hospital discharge dates were
recorded long after death dates. These discrepant dates are likely due to failed linkage rather
than inaccuracies in hospital discharge or death dates, and we excluded these individuals from

the study. A small number of individuals had admissions in the 3 days after death, for example,
for organ donation, and these cases were retained.

Statistical analysis

We described the characteristics of deaths included in the study and then used conditional
logistic regression (stratified by individual) to estimate the association between hospital admis-
sion and opioid-related death. The reference category was time neither admitted to hospital
nor recently discharged (category E). We repeated the analysis with stratification by sex. We
published a protocol before doing analysis [16]. In our protocol, the primary analysis was a
self-controlled case series design and have included results using this approach in Fig D and
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Table B in S1 Appendix. We chose a case-crossover design instead because it allowed analysis
of exposures with varying durations. Analysis was conducted using R version 4.0.3.

This study is reported as per the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guideline [17] (see Table D in S1 Appendix).

Results
Description of cases

The study included 13,609 opioid-related deaths. A total of 9,765/13,609 decedents (71.8%)
were male, 12,437/13,609 (91.4%) had “white” ethnicity, the median age at death was 42 (inter-
quartile range [IQR] 35 to 49), and decedents predominantly lived in deprived neighbour-
hoods. Table 1 summarises the characteristics of cases.

Most opioid-related deaths (11,629/13,609, 85.5%) did not occur in the hospital or within
14 days of discharge. A total of 656/13,609 deaths (4.8%) occurred in hospital following admis-
sion due to drug poisoning. 236/13,609 deaths (1.7%) occurred during a hospital admission
where the patient was admitted for a reason other than drug poisoning. The remaining 1,088/
13,609 deaths (8.0%) occurred in the 14 days after discharge. Based on published data, we esti-
mated that our study excluded 11.8% of deaths because the decedent was never admitted to the
hospital (Fig 1). This suggests that in the population, 7.1% of opioid-related deaths occur in
the 14 days after discharge.

Characteristics of hospital admissions in the 2 years prior to death

A total of 37,570 hospital admissions occurred in the 730 days prior to death, with a median of
1 (IQR 0 to 4) per individual. 3,742/37,570 (10.0%) of admissions ended in discharge against
medical advice, and 3,418/37,570 (9.1%) were classified as psychiatric admissions. Table 2
summarises the characteristics of hospital admissions in the 2 years prior to death.

Results of case-crossover analysis

Days 1 to 14 of hospital admissions had a similar risk of opioid-related death as periods in the
community (conditional odds ratio of 1.03; 95% CI 0.87 to 1.21; p = 0.95). Days 15+ of hospital
admission were associated with lower risk of opioid-related death (conditional odds ratio of
0.41; 95% CI 0.30 to 0.56; p < 0.001).

The risk of opioid-related death increased substantially after discharge, with a conditional
odds ratio of 4.39 (95% CI 3.75 to 5.14; p < 0.001) in days 1 to 2 after discharge and 2.09 (95%
CI 1.92to0 2.28; p < 0.001) in days 3 to 14. The risk was higher for people discharged after a
psychiatric admission and for people who left the hospital against medical advice. Longer
admissions were associated with greater risk of opioid-related death after discharge, and we
observed this gradient in days 1 to 2 after discharge and days 3 to 14. Results of the case-cross-
over analysis are shown in Fig 3. Sex-stratified results suggested similar associations for men
and women. Sensitivity analysis with control days sampled from 365 to 28 days before death
showed slightly smaller associations between hospital discharge and opioid-related death, and
sensitivity analysis with control days sampled from 1,095 to 28 days before death showed
slightly larger associations. Full results for stratified analyses and sensitivity analyses are pro-
vided in Figs D and E and Table C in S1 Appendix.

Discussion

In this nationwide study of opioid-related deaths in England over 10 years, we found that the
risk of death is very high in the 2 weeks after hospital discharge, and this period accounts for 1
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Table 1. Characteristics of individuals included in the study.

Variable Level Number (%)
Total 13,609 (100.0)
Age at death Median [IQR] 42 [35-49]
Mean [SD] 41.9 [10.0]
Sex Male 9,765 (71.8)
Female 3,844 (28.2)
Ethnicity* White British, White Irish, or Other White 12,437 (91.4)
Asian or Asian British 193 (1.4)
Other 145 (1.1)
Black or Black British 133 (1.0)
Mixed 99 (0.7)
Unknown 602 (4.4)
Deprivation (IMD) 1: Most deprived 6,067 (44.6)
2 3,370 (24.8)
3 1,940 (14.3)
4 1,328 (9.8)
5: Least deprived 790 (5.8)
Missing 114 (0.8)
Year of death 2010-2011 2,127 (15.6)
2012-2013 2,442 (17.9)
2014-2015 3,094 (22.7)
2016-2017 3,323 (24.4)
2018-2019 2,623 (19.3)
Geographical region North West 2,550 (18.7)
South East 1,894 (13.9)
Yorkshire and The Humber 1,636 (12.0)
South West 1,384 (10.2)
West Midlands 1,356 (10.0)
London 1,236 (9.1)
East of England 1,184 (8.7)
North East 1,112 (8.2)
East Midlands 798 (5.9)
Missing 459 (3.4)
Proximity in time to hospital admission Died in hospital (admitted after opioid use) 656 (4.8)
Died in hospital (admitted for other reasons) 236 (1.7)
Died in the 14 days after discharge 1,088 (8.0)
Not in hospital or within 2 weeks of discharge 11,629 (85.5)

* Ethnicity is derived from the hospital data. Where a participant had hospital admissions with different recorded
ethnic categories, we used the most commonly recorded category or the most recent category where multiple
categories had the same frequency.

IMD, Index of Multiple Deprivation, derived from the Lower Super Output Area of the patient’s home address; IQR,

interquartile range.

https://doi.org/10.1371/journal.pmed.1003759.t001

in 14 deaths. Patients who leave the hospital against medical advice and those leaving the hos-
pital after a longer stay have higher risk. We also identified 236 cases where the data suggest
that an opioid-related death occurred during a hospital admission. While each of these cases is
a serious and potentially preventable incident, the overall results of our study suggest that the

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1003759  October 5, 2021 8/15


https://doi.org/10.1371/journal.pmed.1003759.t001
https://doi.org/10.1371/journal.pmed.1003759

PLOS MEDICINE

Hospital admissions and fatal opioid overdoses

Table 2. Characteristics of hospital admissions in the 2 years prior to opioid-related deaths in England from Janu-
ary 1, 2010 to December 31, 2019.

Variable Level Number (%)
Total 37,570 (100.0)
Discharged AMA Yes 3,742 (10.0)
No 33,828 (90.0)
Length of admission (days) 1 15,026 (40.0)
2-6 14,615 (38.9)
7+ 7,929 (21.1)
Median [IQR] 2 [1-5]
Mean [SD] 8.7 [38.2]
Psychiatric admission No 34,152 (90.9)
Yes 3,418 (9.1)
Drug poisoning No 32,625 (86.8)
Yes 4,945 (13.2)

AMA, discharge against medical advice; IQR, interquartile range.

https://doi.org/10.1371/journal.pmed.1003759.t002

risk of opioid-related death during hospital admissions is similar or lower than during time
spent in the community.

Comparison with other studies

We are aware of one other study that has investigated deaths due to drug poisoning in relation to
hospital admissions [18,19]. This study used a cohort of people registered for drug treatment in
Scotland and reported the rate of drug-related deaths according to time proximity to hospital
admissions. The referent in this study was the mortality rate among people who were never
admitted to the hospital, and the results may therefore reflect differences between people who
were admitted to the hospital and those who were not. The associations are much greater than in
our study; for example, the mortality rate in the 28 days after discharge is 15 times that of individ-
uals who were never admitted. Even periods more than 1 year after discharge have 3 times the
rate, suggesting that these differences are unlikely to relate to the hospital admission itself.

Research has shown that other life events are also associated with opioid-related deaths. In
particular, studies in several countries have found a high risk of drug-related death immedi-
ately after the release from prison [20-23] and a protective effect of opioid agonist therapy dur-
ing this period [24]. Another example is the first 2 weeks after cessation of community-based
opioid agonist therapy [25]. These are times when opioid agonist therapy is interrupted, toler-
ance is changing, and people may get drugs from a different source or use drugs in different
ways.

Strengths and limitations

By studying all opioid-related deaths in England, we were able to include people who have
never been in drug treatment, a group that is often excluded from studies of this population.
The design also meant that we were able to estimate the absolute number of opioid-related
deaths that occurred during hospital admissions (236 over 10 years). It also provided power to
observe the risk associated with different types and durations of hospital admission, which
would be challenging even with an extremely large cohort study.

While the self-controlled methodology eliminates time-invariant confounders, the results
may partially be explained by escalating drug use or deteriorating health over time. It is
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https://doi.org/10.1371/journal.pmed.1003759.g003

possible, for example, that someone in poor health or at times of more intense drug use would
be more likely to be admitted to the hospital and more susceptible to death after using opioids.
We tried to limit this type of confounding by selecting control days no more than 2 years
before death. The density of hospital admissions does increase before death, but this increase is

gradual (Fig Cin S1 Appendix).

Our data did not include detailed information about drug use or enrollment in drug treat-

ment services. We therefore could not confirm that participants were using drugs on the con-
trol days. People who used illicit opioids during the past decade in England have mostly been
using drugs for many years. For example, in a cross-sectional survey of people who injected
drugs in England in 2019, the median duration of drug use was 16 years, and only 6% of partic-
ipants had injected for less than 2 years [26].

Our use of a national hospital dataset meant that we were able to include all hospital admis-
sions in England, but it also meant that we had limited detail about individual patients. One
limitation relates to “discharge against medical advice.” This was a binary variable in our anal-
ysis, when in reality there are a range of scenarios where discharge is negotiated between
patients and hospital staff. A second limitation relates to our classification of hospital admis-
sions ending in opioid-related death. If an admission ended in opioid-related death and the
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primary cause of admission was a common complication of opioid poisoning, such as cardiac
arrest, then we assumed that the indication for admission was related to opioid poisoning.
This is a sensitive approach, and, in some cases, the opioid poisoning may have happened
while the patient was in the hospital. Therefore, it is possible that we have underestimated the
association between hospital admissions (exposure periods A and B) and opioid-related death.

Although our definition of opioid-related death is widely used, its validity is not known. It
can be difficult to determine the cause of death when someone dies suddenly and alone. It is
possible that some participants in our study who died shortly after a hospital admission died
for reasons related to the admission (such as an acute infection) rather than due to opioid poi-
soning. If the cause of death is unclear but the individual was known to use illicit drugs, a doc-
tor may assume that the death was primarily due to drug use. This type of misclassification
may partly explain the association between hospital discharge and opioid-related death.

Interpretation

We identified 3 reasons why discharge from the hospital may be associated with increased risk
of opioid-related death. First, opioid tolerance could reduce during an admission. Animal
models suggest that opioid tolerance has a half-life of 6 days [27], supporting reductions in tol-
erance after admissions of 2 to 6 days or 7+ days (the categories used in our analysis). We also
saw increased risk after admissions of only 1 day, suggesting that other mechanisms are also
important. Second, opioid agonist therapy may be interrupted or reduced either at admission
or discharge (see Box 1). This may further contribute to reduced tolerance and increase the
likelihood that patients will use riskier opioids such as injected heroin. Third, patients may
have an acute illness that makes them more vulnerable to death after using opioids, particularly
respiratory problems such as pneumonias and acute exacerbations of chronic obstructive pul-
monary disease. These are common reasons for hospital admission in this population [28] and
increase the risk associated with central nervous system depressants. Painful conditions may
also be important because they are associated with increased use of illicit and prescribed
opioids.

Box 1. Interpretation by a client representative at a community drug
and alcohol service

I know from personal experience and that of my peers that hospitals can be hostile, par-
ticularly when you are admitted in an emergency. Planned stays give you time to get pre-
pared and make sure you have enough drugs to carry you through. When the stay is
unplanned, you are reliant on the doctors giving you methadone or buprenorphine.
They are not experts in this field and can be suspicious or at best conservative with their
doses. Although some staff do their best to help, it is often made clear they suspect you
are “drug seeking.” You have to beg to get the help you need. Many of my peers have left
the hospital early in withdrawal and pain. They might be buying drugs from someone
they do not know, perhaps unwell and with reduced tolerance, then using in an alley or
public toilet. It is not surprising that so many people die due to drug overdoses in the
days after leaving the hospital. Part of the solution is better communication between the
local drug services and the hospital. This could help patients get the medication they
need to stay in the hospital and help people arrange transport, accommodation, and
timely opioid substitution when they leave.
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We observed a high risk soon after hospital discharge and estimate that 1 in 14 opioid-
related deaths in the population occur during these 2 weeks. The safety of discharge may be
improved with better linkage to community drug treatment services, and there is a need for
research into interventions that can improve continuity of opioid agonist therapy between
community and hospital settings. It is thought that half of people who die after using illicit opi-
oids in England have never been in contact with drug treatment services [29]. Initiation of opi-
oid agonist therapy in the hospital is therefore also important. A randomised trial showed that
patients that started on buprenorphine in hospital and referred to a community drug service
are more likely to continue with treatment and less likely to use illicit opioids, compared with
those assigned to opioid detoxification [30]. Hospitals can also provide advice on reducing
overdose risk, such as using small test doses and not using drugs alone, and tools to help
reduce risk, such as basic life support training and take-home naloxone [31].

We found variation in the risk of opioid-related death in our detailed exposure periods. In
particular, the period after discharge against medical advice was associated with opioid-related
death. Discharge against medical advice may happen when a patient is experiencing pain or
withdrawal and leaves the hospital to use illicit opioids. The finding that the risk of opioid-
related death reduces after day 14 of a hospital admission should be treated with caution,
because the subset of admissions that are longer than 14 days may be unusual. For example,
these patients may have less severe drug dependence or better controlled pain and be less at
risk of opioid-related death for these reasons.

In many countries, the average age of people who use illicit opioids is increasing, and the
frequency of long-term conditions is also increasing [32]. People who use illicit opioids do not
always seek timely healthcare, in part due to fear of stigma, opioid withdrawal in the hospital,
and poor pain management [33]. Hospitals that enable patients to disclose illicit drug use with-
out fear of discrimination will be a central element of accessible and high-quality hospital care
for this population.

Conclusions

Discharge from the hospital is associated with an acute increase in the risk of opioid-related
death, and 1 in 14 opioid-related deaths in England happens in the 2 weeks after the hospital
discharge. This supports interventions that prevent early discharge and improve linkage with
community drug treatment and harm reduction services.
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S1 Appendix. Table A: Distribution of ICD-10 diagnoses in opioid-related deaths in England
between January 1, 2010 and December 31, 2019. Table B: Results of alternative self-controlled
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Table C: Results of case-crossover analysis stratified by sex and calendar year of death. Values
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S1. Summary of ICD-10 diagnoses recorded in opioid-related
deaths

Table A: distribution of ICD-10 diagnoses in opioid-related deaths in England between 1 January
2010 and 31 December 2019

Opioids recorded as contributing causes of death. All deaths apart from those with
an underlying cause of F11 have at least one of these codes*
(% of row)

Number of T40.4 T40.6
ICD-10 code of underlying cause of deaths T40.1 T40.2 T40.3 Other synthetic  Unspecified
death (% of column) Heroin Other opioids Methadone narcotics narcotics
Total 13,609 (100.0) | 3,953 (29.0) 5,599 (41.1) 3,137 (23.1) 1,834 (13.5) 1,082 (8.0)
X42: accidental poisoning by narcotics 1 g5 (74 9y | 3549 (34.8) 3,879 (38.1) 2,521 (247) 1,107 (10.9) 882 (8.7)
and psychodysleptics
X62: intentional self-poisoning by
narcotics and psychodysleptics 1,006 (7.4) 75 (7.5) 619 (61.5) 63 (6.3) 291 (28.9) 56 (5.6)
X44: accidental poisoning by other or 860 (6.3) 163 (19.0) 371(43.1) 345 (40.1) 140 (16.3) 53 (6.2)
unspecified drugs
Y12: poisoning by narcotics and 831 (6.1) 121 (146) 439 (52.8) 116 (14.0) 179 (21.5) 61(7.3)
psychodysleptics, undetermined intent ! ' : : : :
F11: mental and‘ b‘ehawoural disorders 288 (2.1) 24 (8.3) 17 (5.9) 24 (8.3) Logrx 10-14%*
due to use of opioids
X64: mten_tl_onal self-poisoning by other 194 (1.4) 1ogxx 130 (67.0) 15-19** 57 (29.4) 5.g*
or unspecified drugs
Y14: poisoning by other or unspecified ~ )
drugs, undetermined intent 140 (1.0) 5-9** 97 (69.3) 25 (17.9) 38 (27.1) 1-4**
X41: accidental poisoning by
antiepileptic, sedative-hypnotic, 53 (0.4) 5-g 18 (34.0) 20 (37.7) 12 (22.6) 5-g
antiparkinsonism and psychotropic
drugs
Other underlying cause of death 47 (0.3) 5-9** 29 (61.7) 5-9** 5-9** 1-4**

* The case definition also included deaths where T40.0 (poisoning by opium) was recorded, but no
deaths with this code were found.

** Censored to prevent disclosure of small cell counts.
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S2.

Determination of exposure status for deaths

Figure A: Flowchart showing how the exposure status on the day of death was determined

No

Opioid-related deaths

Discharged in 14 days

before death

l

Yes

Inpatient on the day of |,

death

Reclassify date of
death to date of
admission, if different

Discharged alive on
the day of death

Exposure E: Not
recently discharged
(reference group)

Exposure C/D:
Recently discharged

Notes:

Admission was due to
overdose
(see notes)

>

Exposure A/B: Death
during admission

Among admissions ending in opioid-related death, admissions due to opioid use identified as those

with:

e Adrug-related primary diagnosis: ICD-10 X40-44, X60-64, X85, or Y10-Y14 recorded as the
primary reason for admission.

e An opioid in any diagnostic position: T40.0-T40.4 or T40.6.

e A primary diagnosis of a known complication of opioid overdose. Consistent with a previous
study,[1] we defined the complications as: encephalopathy (G92, G93.1, G93.2); ARDS (J80);
respiratory failure (J96.0, J96.9); pulmonary haemorrhage (R04.8); aspiration pneumonia
(J69.0); cardiac arrest (146); ventricular arrhythmia (147.0, 147.2, 149.0); heart failure (150);
rhabdomyolysis (M62.8, T79.6); paraplegia or tetraplegia (G82); acute renal failure (N17); and
intentional self-harm (X60-X84).
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S3. Histogram of age of participants at death

Figure B: distribution of age at death for 13,609 people who died due to fatal opioid overdose in
England between 1 Jan 2010 and 31 December 2019. Deaths at ages under 18 or over 65 were
excluded from the study.
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S4. Density of hospital admission prior to death

The number of admissions in the cohort increased during the 730 days prior to death (see figure).
This may be related to worsening health or escalating drug use prior to death, secular increases in the
rate of hospital admission (in the general population, rates of age-specific hospital admission are
increasing [2]), or ageing in the cohort. These factors are likely to explain some of the observed
association between hospital admission and death, in addition to the acute effects of the hospital
admission. The figure shows that this increase is gradual, which may suggest a limited contribution of
these factors to the observed associations.

Figure C: number of hospital admissions in the 730 days prior to death among 13,609 people who
died due to opioid overdose in England between 1 Jan 2010 and 31 December 2019, by 10-day
period.
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S5. Results of planned analysis

In our protocol [3] we planned to use a self-controlled case series (SCCS) method with observation
between 1 January 2010 and 31 December 2019. An assumption of the standard SCCS method is
that the observation of exposures (i.e. hospital admissions) is independent of the event.[4] In our
study, the event is death and therefore observation of exposures ends at the event. To address this,
we planned to use a method for event-dependent exposures designed by Farrington et al,[5] with
time-varying age groups of 18-24, 25-34 ... 60-64. This method is only suitable for exposures of fixed
duration and we were not able to use it for exposure periods A and B (the periods during hospital
admission), which vary in duration. This is why we chose to use a case-crossover method in our main
analysis. We did fit the model for exposure periods C and D, which are days 1-2 days 3-14 days after
discharge and have fixed durations. We did not have sufficient computing resources to fit this model
for the whole dataset and therefore used 10 random samples of 500 cases, with a pooled value
estimated by fixed-effects meta-analysis, using the R function meta::metagen.[6] Note that this
analysis assumes that exposure periods A and B (the hospital admission) have the baseline risk,
which is unlikely to affect this analysis substantially because a relatively small proportion of follow-up
time was spent in hospital. In addition, we fit models with follow-up ended at death; and with follow-up
ended on 31 December 2019 with the time after death treated as exposure-free. Both of these
methods were anticipated to be biased, with the model with follow-up ending at 31 December 2019
most strongly overestimating the relative risk associated with the exposure periods.

As a sensitivity analysis, we also repeated the case-crossover analysis with control periods sampled
from the periods 365-28 days before death and 1095-28 days before death.

The results of these analyses are summarised the figure and table below. As expected, the SCCS
model with follow-up ending on 31 December 2019 showed the largest associations between hospital
admission and the fatal opioid overdose. The model for event-dependent exposures produced very
similar results to our main analysis. Case-crossover analyses with control windows in the more distant
past produced larger associations. Very distant control windows are less likely to represent an
‘exchangeable’ exposure density (i.e. a probability of hospital admission that would be the same in the
absence of the event).
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Figure D: Results of alternative self-controlled methodologies. The chart shows conditional odds

ratios with 95% confidence intervals

A: Days1-14
of admission

B: Days 15+
of admission

C: Days1-2
after discharge

D: Days 3-14
after discharge

Conditional odds ratio
of opioid-related death

(reference = time in the community)

10 15

Control days sampled from
730-28 days before death

(main analysis)

Control days sampled from
365-28 days before death

Control days sampled from
1095-28 days before death

Standard self-controlled case series;

end follow-up at death

Standard self-controlled case series;

end follow-up at 31 December 2019

Farrington model for event-
dependent exposures, on 10
samples of 5oo cases. Diamond
shows pooled value from fixed-
effects meta-analysis

Table B: Results of alternative self-controlled methodologies. Values are conditional odds ratios of
opioid-related deaths (95% confidence intervals)

Modelling approach

A: Days 1-14 of
admission

B: Days 15+ of
admission

C: Days 1-2 after
discharge

D: Days 3-14 after
discharge

Control days sampled from 730-28 days before
death (main analysis)

Control days sampled from 365-28 days before
death

Control days sampled from 1095-28 days before
death

Standard self-controlled case series; end follow-up
at death

Standard self-controlled case series; end follow-up
at 31 December 2019

Farrington model for event-dependent exposures,
pooled value from 10 samples of 500 cases

1.03 (0.87-1.21)

0.88 (0.75-1.04)

1.11 (0.94-1.31)

1.70 (1.46-1.97)

2.66 (2.29-3.09)

0.41 (0.30-0.56)

0.34 (0.25-0.47)

0.48 (0.35-0.66)

0.75 (0.56-0.99)

1.23 (0.93-1.62)

4.39 (3.75-5.14)

3.42 (2.94-3.97)

4,52 (3.86-5.30)

6.17 (5.49-6.93)

9.53 (8.48-10.72)

4.80 (3.96-5.81)

2.09 (1.92-2.28)

1.90 (1.75-2.07)

2.35 (2.15-2.56)

3.28 (3.05-3.53)

5.06 (4.71-5.43)

2.28 (2.03-2.58)
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S6. Results stratified by sex and calendar year

Figure E: results of case-crossover analysis stratified by sex and calendar year of death. Values are
conditional odds ratio of opioid-related death (95% confidence intervals)
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Table C: results of case-crossover analysis stratified by sex and calendar year of death. Values are
conditional odds ratio of opioid-related death (95% confidence intervals)

Stratification

Level

A: Days 1-14 of
admission

B: Days 15+ of
admission

C: Days 1-2 after
discharge

D: Days 3-14 after
discharge

Sex

Male

Female

1.01 (0.82-1.23)

1.06 (0.81-1.39)

0.37 (0.25-0.55)

0.52 (0.30-0.87)

4.47 (3.70-5.40)

4.20 (3.15-5.60)

2.33 (2.11-2.58)

1.62 (1.38-1.90)

Calendar year

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

0.91 (0.50-1.67)
0.92 (0.51-1.65)
1.20 (0.69-2.09)
0.92 (0.55-1.55)
0.65 (0.33-1.25)
0.99 (0.63-1.58)
1.43 (0.94-2.18)
1.40 (0.91-2.14)
0.68 (0.35-1.30)

0.98 (0.59-1.64)

0.41 (0.13-1.26)
0.65 (0.28-1.49)
0.21 (0.05-0.92)
0.59 (0.23-1.52)
0.37 (0.13-1.06)
0.43 (0.19-0.96)
0.37 (0.13-1.06)
0.55 (0.23-1.31)
0.27 (0.09-0.81)

0.21 (0.05-0.90)

2.87 (1.63-5.06)
3.91 (2.26-6.76)
4.83(2.87-8.13)
3.94 (2.22-6.98)
5.75 (3.47-9.54)
5.72 (3.64-8.99)
4.64 (3.11-6.94)
2.81 (1.72-4.61)
4.37 (2.50-7.62)

5.60 (3.37-9.29)

2.08 (1.54-2.82)
3.08 (2.34-4.06)
2.40 (1.80-3.22)
1.70 (1.28-2.25)
1.82 (1.39-2.39)
2.53 (2.02-3.18)
2.04 (1.61-2.59)
2.00 (1.54-2.58)
2.04 (1.50-2.76)

1.48 (1.10-1.99)
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S7.

Table D: STROBE checklist

STROBE checklist

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly | Title, Abstract (“case-crossover”)
used term in the title or the abstract
(b) Provide in the abstract an informative and Abstract
balanced summary of what was done and what
was found
Introduction
Background/rationale 2 Explain the scientific background and rationale Introduction
for the investigation being reported
Objectives 3 State specific objectives, including any Introduction 13
prespecified hypotheses
Methods
Study design 4 Present key elements of study design early in Methods 11
the paper
Setting 5 Describe the setting, locations, and relevant Methods/study participants
dates, including periods of recruitment,
exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, Methods/study participants;
and the sources and methods of selection of Methods/control days
participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria,
and the sources and methods of case
ascertainment and control selection. Give the
rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility
criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give Methods/control days
matching criteria and number of exposed and
unexposed
Case-control study—For matched studies, give
matching criteria and the number of controls per
case
Variables 7 Clearly define all outcomes, exposures, Methods/control days;
predictors, potential confounders, and effect Methods/exposure status
modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of Methods/exposure status;
measurement data and details of methods of assessment Supplementary
(measurement). Describe comparability of Information/determination of
assessment methods if there is more than one exposure status for deaths
group
Bias 9 Describe any efforts to address potential Methods 11; Methods/control
sources of bias days
Study size 10 Explain how the study size was arrived at Fig1l
Quantitative variables 11 Explain how quantitative variables were handled | Methods/exposure status
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in the analyses. If applicable, describe which
groupings were chosen and why




ltem Page
No Recommendation No
Statistical methods 12 (a) Describe all statistical methods, including Methods/statistical analysis

those used to control for confounding

(b) Describe any methods used to examine
subgroups and interactions

Methods/statistical analysis;
Supplementary
Information/results stratified by
sex and calendar year

(c) Explain how missing data were addressed

NA

(d) Cohort study—If applicable, explain how
loss to follow-up was addressed

Case-control study—If applicable, explain how
matching of cases and controls was addressed
Cross-sectional study—If applicable, describe
analytical methods taking account of sampling
strategy

Methods 1 (matching is within
individuals)

(e) Describe any sensitivity analyses

Methods/statistical analysis;
Supplementary
Information/results of planned
analysis

Results
Participants 13* (a) Report numbers of individuals at each stage of Methods/study participants;
study—eg numbers potentially eligible, examined for Results/description of cases; Fig
eligibility, confirmed eligible, included in the study, 1
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Methods/study participants; Fig
1
(c) Consider use of a flow diagram Fig 1
Descriptive data ~ 14*  (a) Give characteristics of study participants (eg Results/description of cases;
demographic, clinical, social) and information on Table 1
exposures and potential confounders
(b) Indicate number of participants with missing data for | Table 1 (data were only missing
each variable of interest for region, deprivation, and
ethnicity, which were only use to
describe the sample rather than
in analysis)
(c) Cohort study—Summarise follow-up time (eg, NA (case-crossover study)
average and total amount)
Outcome data 15*  Cohort study—Report numbers of outcome events or NA (case-crossover study)
summary measures over time
Case-control study—Report numbers in each exposure | NA (case-crossover study)
category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome NA (case-crossover study)
events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, Results/results of case-
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confounder-adjusted estimates and their precision (eg,
95% confidence interval). Make clear which
confounders were adjusted for and why they were
included

crossover analysis; Fig 3

(b) Report category boundaries when continuous
variables were categorized

Methods/exposure status
(exposure boundaries, e.g. 1-2
days after hospital discharge)




ltem Page
No Recommendation No
(c) If relevant, consider translating estimates of relative NA

risk into absolute risk for a meaningful time period

Other analyses 17  Report other analyses done—eg analyses of subgroups | Results/results of case-
and interactions, and sensitivity analyses crossover analysis 12;
Supplementary
Information/results of planned
analysis; Supplementary
Information/results stratified by
sex and calendar year
Discussion
Key results 18  Summarise key results with reference to study Discussion 11
objectives
Limitations 19  Discuss limitations of the study, taking into account Discussion/strengths and
sources of potential bias or imprecision. Discuss both limitations 72-5
direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results Discussion 11;
considering objectives, limitations, multiplicity of Discussion/interpretation
analyses, results from similar studies, and other
relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the NA
study results
Other information
Funding 22 Give the source of funding and the role of the funders Additional information/funding
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for the present study and, if applicable, for the original
study on which the present article is based
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