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ABSTRACT

OBJECTIVE

To analyse the association between survival from
critical illness and suicide or self-harm after hospital
discharge.

DESIGN
Population based cohort study using linked and
validated provincial databases.

SETTING
Ontario, Canada between January 2009 and December
2017 (inclusive).

PARTICIPANTS

Consecutive adult intensive care unit (ICU) survivors
(218 years) were included. Linked administrative
databases were used to compare ICU hospital
survivors with hospital survivors who never required
ICU admission (non-ICU hospital survivors). Patients
were categorised based on their index hospital
admission (ICU or non-ICU) during the study period.

MAIN OUTCOME MEASURES

The primary outcome was the composite of death by
suicide (as noted in provincial death records) and
deliberate self-harm events after discharge. Each
outcome was also assessed independently. Incidence
of suicide was evaluated while accounting for
competing risk of death from other causes. Analyses
were conducted by using overlap propensity score
weighted, cause specific Cox proportional hazard
models.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Survival after critical illness is associated with important sequelae, including
muscle weakness, reduced exercise capacity, fatigue, cognitive impairment,
pain, and financial hardship

Growing evidence shows that intensive care unit (ICU) survivors have higher
rates of psychiatric morbidity, but whether that translates into an increased risk
of suicide and self-harm is unknown

WHAT THIS STUDY ADDS

In this population based study of 423 060 consecutive ICU survivors, ICU

admission was associated with higher risk of suicide or self-harm after hospital
discharge compared with non-ICU hospital admission

Risk of suicide and self-harm was associated with younger age, previous mental
health diagnoses, and receipt of life support interventions

ICU admission could be a risk factor for downstream suicide and self-harm, and
early intervention among particular patient populations might be helpful in
attenuating this risk
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RESULTS

423060 consecutive ICU survivors (mean age 61.7
years, 39% women) were identified. During the study
period, the crude incidence (per 100000 person
years) of suicide, self-harm, and the composite of
suicide or self-harm among ICU survivors was 41.4,
327.9, and 361.0, respectively, compared with 16.8,
177.3,and 191.6 in non-ICU hospital survivors.
Analysis using weighted models showed that ICU
survivors (v non-ICU hospital survivors) had a higher
risk of suicide (adjusted hazards ratio 1.22, 95%
confidence interval 1.11 to 1.33) and self-harm (1.15,
1.12to 1.19). Among ICU survivors, several factors
were associated with suicide or self-harm: previous
depression or anxiety (5.69, 5.38 to 6.02), previous
post-traumatic stress disorder (1.87, 1.64 to 2.13),
invasive mechanical ventilation (1.45, 1.38 to 1.54),
and renal replacement therapy (1.35, 1.17 to 1.56).

CONCLUSIONS

Survivors of critical illness have increased risk of
suicide and self-harm, and these outcomes were
associated with pre-existing psychiatric illness and
receipt of invasive life support. Knowledge of these
prognostic factors might allow for earlier intervention
to potentially reduce this important public health
problem.

Introduction

In North America, millions of critically ill patients are
admitted to the intensive care unit (ICU) annually.
With expanding critical care capacity and an ageing
population, the number of ICU patients is expected to
increase globally." Historically, critically ill patients
have experienced high rates of mortality. However,
substantial advances in the field of critical care have
led to improved survival over the past two decades.?>
With an increasing number of ICU survivors, a growing
need exists for understanding and improving the
long lasting morbidity that these patients might
experience.” > Sequelae experienced by survivors of
critical illness include muscle weakness, reduced
exercise capacity, fatigue, cognitive impairment,
pain, poor quality of life, and financial hardship.”**
Recent evidence has also shown an association
between critical illness and psychiatric morbidity.'?
The combination of acute illness severity and resultant
morbidity in ICU survivors (frequently called post-
intensive care syndrome) combine to make this group
highly vulnerable to mental suffering. More specifically,
ICU survivorship has been shown to be associated
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with increased incidences of depression, anxiety,
post-traumatic stress disorder (PTSD), substance use
disorders, and psychosis.!**®

This increased risk of psychiatric morbidity in ICU
survivors might lead to increased suicide and self-
harm behaviours. Suicide is the 11th leading cause
of death worldwide (second leading cause among
adults younger than 35), and the incidence of suicide
is increasing.'® Identification of high risk populations
can help to mitigate the risk of harm.'” However,
the incidence of suicide and self-harm among ICU
survivors, associated risk factors, and how this
incidence compares with hospital survivors who did
not require ICU admission is unknown. Therefore,
we used population level administrative data from
the province of Ontario, Canada to investigate the
incidence and risk factors associated with suicide and
self-harm behaviours among adult survivors of critical
illness, and compared the associated risk with hospital
survivors who did not require ICU admission.

Methods

Studies conducted at ICES using administrative data
fall under section 45 of the Personal Health Information
Protection Act of Ontario, and do not require research
ethics board approval.

Data sources and setting

We conducted a population level cohort study using
health administrative databases from the province of
Ontario in Canada (population 14.6 million). Within
Ontario’s single payer healthcare system, all publicly
funded healthcare services, physician, hospital, and
demographic information for residents are recorded
in these databases. These datasets were linked using
unique encoded identifiers, and analysed at ICES, an
independent, non-profit research institute whose legal
status under Ontario’s health information privacy
law allows it to collect and analyse healthcare and
demographic data, without consent, for health system
evaluation and improvement.'® ICES is funded by an
annual grant from the Ontario Ministry of Health and
Long-term Care.

We linked nine databases at ICES, at the individual
patient level, from 1 January 2009 to 31 December
2017 (supplemental table 1). Data on cause of death
(including suicide) was obtained from the Vital
Statistics Database (Office of the Registrar General).
Data contained in ICES is full and complete, with the
exception of emigration from Ontario, which represents
approximately 0.5% of patients per year."

Patients

We included all adult patients (=18 years) with an
index hospital admission in Ontario between 1 January
2009 and 31 December 2017, and who survived
to hospital discharge (survivors). For patients with
multiple hospital admissions, we only considered the
first admission during this study period. We identified
adult patients admitted to an ICU setting during the
study period (ICU survivors) by using previously
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validated algorithms from the Canadian Institute for
Health Information Discharge Abstract Database.!*2°2
We compared these patients with those admitted to
a hospital setting during the study period who never
required ICU (non-ICU hospital survivors).

At the time of the index hospital admission, we
identified important patient characteristics, including
age, sex, Charlson comorbidity index (CCI),?* date of
admission, and the number of hospital admissions in
the previous year. CCI was categorised on the basis of
prevalence rates seen in previous studies? (thresholds
of <2, 92.8% of patients admitted to hospital; 3-4,
4.6% of patients admitted to hospital; and =5, 2.6%
of patients admitted to hospital). We calculated
duration of ICU and hospital length of stay from
admission and discharge dates. We obtained income
group (categorised into fifths) and rurality through
postal code conversion files based on Statistics Canada
census data. Given the strong association between pre-
existing mental health diagnoses and risk of suicide, '’
we captured history of pre-existing mental health
diagnoses through the use of ICD-10 (international
classification of diseases, version 10) codes and
whether patients had any outpatient mental health
visits with a primary care provider or psychiatrist in
the previous year (supplemental table 2). Finally, we
recorded life support interventions received during
hospital admission: invasive mechanical ventilation
delivered through an endotracheal or tracheostomy
tube; non-invasive mechanical ventilation delivered
through a face mask; and renal replacement therapy
(supplemental table 2).

Outcomes

The primary outcome was incidence of the composite
of death by suicide or hospital visit for deliberate
self-harm at any point after hospital discharge and
before the end of the study period, as defined by
previously validated ICD-10 codes (supplemental
table 2).2* We also separately evaluated rates of death
by suicide and hospital visit for deliberate self-harm.
Self-harm behaviours were evaluated because they
are strongly associated with subsequent death by
suicide (96% concordance with coroners’ reports in
Ontario).?> The ICD codes for death by suicide have
strong concordance with Ontario coroner reported
suicide,?® and have been used in previous studies.?’
Self-harm behaviour (eg, deliberate drug overdose or
self-inflicted traumatic injury) were identified by using
the ICES Mental Health and Addictions Scorecard and
Evaluation Framework,?® as previously reported.?” %°

Statistical analyses

We conducted all statistical analyses with SAS
Enterprise Guide 7.1 (SAS Institute, Cary, NC). We
present data as mean values with standard deviations,
or medians with interquartile ranges. We used cumu-
lative incidence function curves to describe suicide
and self-harm events in the follow-up, while adjusting
for competing risk of death due to other causes. We
used Gray’s test to assess for equality. Similarly, all
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incidence rates account for competing risk of death
due to other causes.

To identify the association between ICU admission
and suicide orself-harm, we followed recommendations
for causal inference in critical care,>® and compared
ICU survivors with non-ICU hospital survivors using
overlap propensity score weighting. Overlap weights
is a technique that assigns less weight to those with
outlier propensity scores and more weight to those
with propensity scores close to 0.5. This technique
has shown improved covariate balance and overlap of
probabilities in creating propensity scores compared
with other approaches.’’ Furthermore, this method
does not exclude any potential study participants and
is not affected by extreme outliers over dominating the
analysis, which can occur with traditional propensity
score matching or inverse probability treatment
weighting. We calculated weights using relevant
variables determined a priori (based on existing
literature'*” and hypotheses'? 7 about potential
for confounding, as recommended?®), including age,
sex, year of index admission, number of hospital
admissions in the past year, number of outpatient
psychiatry visits in the past year, number of outpatient
physician mental health visits in the past year, number
of total outpatient physician visits in the past year,
income fifth, rural residency, CCI, hospital length of
stay, pre-existing mental health diagnoses, previous
history of self-harm, and discharge disposition
location. Supplemental table 1 includes an acyclic
graph. We compared cohorts before and after overlap
weights for balance by using weighted standardised
differences. We fit an overlap weighted cause specific
Cox proportional hazards model to examine ICU
exposure versus non-ICU hospital admission with the
study outcomes, while accounting for non-suicide
related mortality as a competing risk. To account
for unmeasured confounders, we computed an E
value.>? A large E value implies that considerable
unmeasured confounding would be needed to explain
away the effect estimate. To further evaluate for non-
proportional hazards, we repeated our analyses using
time from discharge as an interaction term.

To identify prognostic factors associated with
suicide, deliberate self-harm, and the composite
of these two outcomes among ICU survivors, we
generated separate cause specific Cox proportional
hazards regression models using the ICU survivors
cohort. In model creation, we followed the PROGRESS
(prognosis research strategy) guidelines,>® ** and
recommendations for development of prognostic
models in critical care.>* These guidelines recommend
a clinically hypothesis driven approach for a priori
selection of all model variables, as opposed to bivariate
association testing methods. As recommended,®?*
variables were selected based on theory or known
evidence.’”*” The variables included in our model
were age, sex, year of index admission, number of
hospital admissions in the past year, income fifth, rural
residency, CCI, hospital length of stay, ICU length of
stay, invasive mechanical ventilation during hospital
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admission, renal replacement therapy during hospital
admission, pre-existing mental health diagnoses, and
discharge disposition. A total of 1805 patients (0.4%
of the cohort) had missing data related to income fifth
and rural residency, and were subsequently excluded
from the model. Finally, we compared crude incidence
of suicide, self-harm, and the composite of these two
outcomes in subgroups stratified by age, receipt of
invasive therapies (invasive mechanical ventilation or
renal replacement therapy), and pre-existing mental
health diagnoses.

Patient and public involvement

This was a retrospective evaluation of existing
health data, and great care was taken to preserve
confidentiality. All investigators signed a non-
disclosure agreement with regard to data preservation
and confidentiality. Therefore, it was difficult to involve
patients or members of the public in study design,
interpretation of the data, or manuscript creation.
However, we do acknowledge the potential importance
of this study’s findings for patients who might
ultimately require critical care, and therefore will seek
to disseminate our work through patient networks
at our local institutions, and national organisations
including the Canadian Critical Care Society, the
Canadian Critical Care Trials Group, the Society of
Critical Care Medicine, and the Canadian Psychiatric
Association. We will also engage with organisations
that have direct contact with patients and care givers,
including the Canadian Mental Health Association.

Results
A total of 423060 consecutive ICU survivors and
3081111 consecutive non-ICU hospital survivors
were identified over the study period. Table 1 shows
a comparison of baseline characteristics between
ICU survivors and non-ICU hospital survivors.
Supplemental table 3 shows year of index hospital
admission. Mean age of ICU survivors was 61.7 years
(standard deviation 16.5 years), and 39.1% were
women. In contrast, mean age of non-ICU hospital
survivors was 53.5 years (standard deviation 20.9
years), and 64.5% were women. ICU survivors had
substantial comorbid disease, with 14.7% having CCI
of 3-4, and 4.8% having CCI of 5 or higher. In particular,
ICU survivors had a high prevalence of pre-existing
psychiatric disease, with 15.3% having at least one
previous mental health condition. When considering
ICU interventions, 26.6% of survivors received
invasive mechanical ventilation, 1.6% received non-
invasive mechanical ventilation, and 2.4% received
renal replacement therapy. Median ICU length of stay
was seven days (interquartile range 4-14 days).
Among ICU survivors, 750 patients (0.2%) died by
suicide (41.4, 95% confidence interval 38.4 to 44.5
per 100000 person years during the entire follow-up
period; 64.3, 56.8 to 72.8 per 100000 person years
in the first year after discharge) compared with 2427
(0.1%) non-ICU hospital survivors (16.8, 16.1 to 17.5
per 100000 person years during the entire follow-up
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Table 1 | Baseline characteristics of ICU survivors and non-ICU hospital survivors. Values are numbers (%) unless stated otherwise

Characteristics
Age (years), mean (SD)

ICU survivors (n=423 060)

61.7 (16.5)

Non-ICU hospital survivors (n=3081111)
53.5 (20.9)

Female sex 165348 (39.1) 1986193 (64.5)

Neighbourhood income fifth
Lowest 92065 (21.8) 642557 (20.9)
Low 88542 (20.9) 628244 (20.4)
Middle 83548 (19.7) 615 885 (20.0)
High 80831 (19.1) 613490 (19.9)
Highest 76429 (18.1) 568782 (18.5)
Missing 1645 (0.4) 12153 (0.4)

Rural residence 67385 (15.9) 386613 (12.5)

Hospital length of stay (days), median (IQR) 7 (4-13) 3(2-5)

ICU length of stay (days), median (IQR) 7 (4-14) —

Charlson comorbidity index

<2 340554 (80.5) 2858357 (92.8)

3-4 62109 (14.7) 133760 (4.3)

=5 20397 (4.8) 88994 (2.9)
Invasive mechanical ventilation 112481 (26.6) 0(0)
Non-invasive mechanical ventilation 6877 (1.6) 2873 (0.1)
Renal replacement therapy 10159 (2.4) 11445 (0.4)

Discharge disposition

Home without homecare

270170 (63.9)

2282408 (74.1)

Home with homecare

106762 (25.2)

613836 (19.9)

Continuing care or rehabilitation

40581 (9.6)

54716 (1.8)

Long term care facility

5547 (1.3)

130151 (4.2)

Previous psychiatric diagnoses

Any psychiatric diagnosis

64583 (15.3)

407299 (13.2)

Depression or anxiety

61551 (14.5)

390607 (12.7)

Post-traumatic stress disorder 1296 (0.3) 6946 (0.2)

Schizophrenia 7012 (1.7) 35357 (1.1)

Bipolar affective disorder 5309 (1.3) 26234 (0.9)
Hospital admissions in preceding year, mean (SD) 0.03(0.27) 0.03 (0.26)
Outpatient mental health visits in preceding year, mean (SD) 1.09 (5.39) 0.91 (4.67)
Inpatient mental health admission in preceding year 26484 (0.9) 8595 (2.0)
Suicide after hospital discharge 750 (0.2) 2427 (0.1)
Incidence of suicide per 100000 person years (95% Cl) 41.4 (38.4 10 44.5) 16.8 (16.1t0 17.5)
Self-harm after hospital discharge 5662 (1.3) 24411 (0.8)
Incidence of self-harm per 100000 person years (95% Cl) 327.9 (319.4 to 336.5) 177.3 (175.1t0 179.5)
Suicide or self-harm after hospital discharge 6234 (1.5) 26376 (0.9)

Incidence of suicide or self-harm per 100 000 person years (95% ClI)

361.0 (352.1t0370.1)

191.6 (189.3 t0 193.9)

ICU=intensive care unit; IQR=interquartile range; SD=standard deviation.

period; 24.1, 22.4 to 26.0 per 100000 person years
in the first year after discharge). Self-harm was seen
in 5662 (1.3%) ICU survivors (327.9, 319.4 to 336.5
per 100000 person years during the entire follow-up
period; 668.5, 643.1 to 694.8 per 100000 person
years in the first year after discharge), and 24411
(0.8%) non-ICU hospital survivors (177.3, 175.1 to
179.5 per 100000 person years during the entire
follow-up period; 286.5, 280.3 to 292.8 per 100000
person years in the first year after discharge). Finally,
among ICU survivors, 6234 (1.5%) either died by
suicide or had hospital visits for deliberate self-harm
(361.0, 352.1 to 370.1 per 100000 person years
during the entire follow-up period; 668.5, 643.1 to
694.8 per 100000 person years in the first year after
discharge) compared with 26376 (0.9%) non-ICU
hospital survivors (191.6, 189.3 to 193.9 per 100000
person years during the entire follow-up period; 286.5,
280.3 to 292.8 per 100000 person years in the first
year after discharge). After propensity score weighting
(supplemental table 4), ICU admission was associated
with higher risk of suicide (adjusted hazard ratio 1.22,

95% confidence interval 1.11 to 1.33, E value=1.74),
self-harm (1.15, 1.12 to 1.19, E value=1.57), and
the composite of suicide or self-harm (1.15, 1.12 to
1.19, E value=1.57) compared with non-ICU hospital
admission. In our evaluation of non-proportional
hazards, we did not find any significant change over
time (supplemental table 5).

Cumulative incidence function curves comparing
risk over time between ICU survivors and non-ICU
hospital survivors (fig 1) show an increased risk of
suicide or self-harm in ICU survivors that is evident
almost immediately after hospital discharge, and
persists for years afterwards. A similar relation is
observed when patients are stratified by pre-existing
mental health history.

Table 2 shows assessment of differences between
ICU survivors who died by suicide or had self-harm
events versus those who did not. ICU survivors who
died by suicide or had self-harm events tended to be
younger, live in poorer neighbourhoods, have lower
comorbidity burden, and be discharged directly home
from the hospital. A higher prevalence of pre-existing
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Fig 1 | Left panels: cumulative incidence function curves for suicide, self-harm, and suicide or self-harm among ICU survivors and non-ICU hospital
survivors. Right panels: cumulative incidence function curves for suicide, self-harm, and suicide or self-harm among ICU survivors with or without
pre-existing mental health diagnoses, and non-ICU hospital survivors with or without pre-existing mental health diagnoses

mental health diagnoses was also found among
patients who died by suicide or had self-harm events.
We further evaluated prognostic factors associated
with suicide, self-harm, or the composite outcome
among ICU survivors (table 3). Previous mental health
diagnoses were strongly associated with increased
prognosis for either suicide or self-harm, including
depression or anxiety (hazard ratio 5.69, 95%
confidence interval 5.38 to 6.02), PTSD (1.87, 1.64 to
2.13), schizophrenia (1.39, 1.28 to 1.52) and bipolar
disorder (2.38, 2.20 to 2.58). The use of invasive
mechanical ventilation (1.45, 1.38 to 1.54) and renal
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replacement therapy (1.35, 1.17 to 1.56) were also
associated with prognosis for suicide or self-harm,
as was a history of a previous hospital admission
(1.25, 1.19 to 1.30 per previous admission). Factors
associated with lower prognostic risk for suicide or
self-harm included increasing age (0.96, 0.96 to 0.96
per one year older), residing in the highest income
fifth relative to the lowest (0.67, 0.62 to 0.73), and
discharge to a continuing care or rehabilitation
facility (0.80, 0.70 to 0.90) or long term care facility
(0.29, 0.15 to 0.57) compared with discharge home
independently.

salbojouyoal rejiwis pue ‘Bururesy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Aq paloaloid
'salielqi aled yieaH ueld|pog - pIojxQ 40 ANsIaAlun 1e 9z0z [1Hdy 2Z uo jwod fwa mmmy/:sdiy woly papeojumod ‘TZ0zZ AeN G uo £/6u°fwa/9eTT 0T Se paysiignd isily :rING


https://www.bmj.com/

RESEARCH

Table 2 | Characteristics of ICU survivors without suicide or self-harm versus those meeting the outcomes. Values are numbers (%) unless stated

otherwise
Neither suicide nor Suicide or
Characteristics self-harm (n=416 826) Suicide (n=750) Self-harm (n=5484) self-harm (n=6234)
Age (years), mean (SD) 62.0 (16.4) 50.9 (16.0) 44.2 (16.0) 45.0 (16.0)
Female sex 162595 (39.0) 228 (30.4) 2525 (46.0) 2753 (44.2)
Neighbourhood income fifth
Lowest 90089 (21.6) 187 (24.9) 1789 (32.6) 1976 (31.7)
Low 87214 (20.9) 181 (24.1) 1147 (20.9) 1328 (21.3)
Middle 82430 (19.8) 153 (20.4) 965 (17.6) 1118 (17.9)
High 79880 (19.2) 124 (16.5) 827 (15.1) 951 (15.3)
Highest 75617 (18.1) 101 (13.5) 711 (13.0) 812 (13.0)
Missing 1596 (0.4) 4 (0.5) 45 (0.8) 49 (0.8)
Rural residence 66499 (16.0) 121 (16.1) 765 (13.9) 886 (14.2)
Hospital length of stay (days), median (IQR) 7 (4-13) 5(3-10) 4 (3-9) 4 (3-9)
ICU length of stay, (days), median (IQR) 7 (4-14) 7 (4-14) 7 (3-13) 7 (4-13)
Charlson comorbidity index
<2 334780 (80.3) 693 (92.4) 5081 (92.7) 5774 (92.6)
3-4 61736 (14.8) 40 (5.3) 332 (6.1) 372 (6.0)
>5 20309 (4.9) 17 (2.3) 71(1.3) 88 (1.4)
Invasive mechanical ventilation 110345 (26.5) 270 (36.0) 1866 (34.0) 2136 (34.3)
Non-invasive mechanical ventilation 6801 (1.6) 11 (1.5) 65 (1.2) 76 (1.2)
Renal replacement therapy 9953 (2.4) 27 (3.6) 179 (3.3) 206 (3.3)
Discharge disposition
Home without homecare 265241 (63.6) 574 (76.5) 4355 (79.4) 4929 (79.1)
Home with homecare 105804 (25.4) 122 (16.3) 836 (15.2) 958 (15.4)
Continuing care or rehabilitation 40244 (9.7) 54(7.2) 283 (5.2) 337 (5.4)
Long term care facility 5537 (1.3) 0(0) 10(0.2) 10 (0.2)
Previous psychiatric diagnoses
Any psychiatric diagnosis 60640 (14.5) 439 (58.5) 3504 (63.9) 3943 (63.2)
Depression or anxiety 57773 (13.9) 423 (56.4) 3355 (61.2) 3778 (60.6)
Post-traumatic stress disorder 1040 (0.2) 19 (2.5) 237 (4.3) 256 (4.1)
Schizophrenia 6303 (1.5) 83(11.1) 626 (11.4) 709 (11.4)
Bipolar affective disorder 4394 (1.1) 91 (12.1) 824 (15.0) 915 (14.7)
Hospital admissions in preceding year, mean (SD) 0.03 (0.27) 0.03 (0.25) 0.10 (0.55) 0.09 (0.52)
Outpatient mental health visits in preceding year, mean (SD) 0.98 (5.00) 5.63(11.15) 8.87 (15.95) 8.48 (15.48)
Inpatient mental health admission in preceding year 6680 (1.6) 243 (32.4) 1672 (30.5) 1915 (30.7)

ICU=intensive care unit; IQR=interquartile range; SD=standard deviation.

Finally, we evaluated crude incidence of suicide,
self-harm, or the composite outcome among
prespecified subgroups of interest, and depicted this
relation through the use of heat maps, graphically
showing the subgroups with the highest incidence of
these outcomes (fig 2). The highest crude incidence of
these outcomes is observed in younger patients (age
18-34), with pre-existing mental health diagnoses,
and receiving invasive mechanical ventilation or renal
replacement therapy. Supplemental table 6 shows
further stratification by sex.

Discussion

Principal findings

We used population based data across nine years
from the province of Ontario, Canada to evaluate the
incidence and prognostic factors for suicide and self-
harm among 423 060 consecutive survivors of critical
illness. We compared incidence in ICU survivors and
hospital survivors who did not require ICU admission
through propensity score weighting. These analyses
showed that survival after ICU admission was
associated with suicide and self-harm compared with
non-ICU hospital survivors, even after propensity score
weighting. Among ICU survivors, prognostic factors
associated with suicide or self-harm included previous

history of mental health diagnoses (specifically
depression or anxiety, PTSD, schizophrenia, and
bipolar disorder) and receipt of invasive mechanical
ventilation or renal replacement therapy in the ICU.
Therefore, ICU survivorship is associated with future
suicide and deliberate self-harm, with identifiable
prognostic factors for consideration in future health
policy and care planning.

Strengths and limitations of study

Our study has relevant strengths and limitations.
In terms of strengths, our study evaluates a new
and important research question, and includes a
large cohort of consecutive ICU survivors from an
entire population, with minimal missing data. We
adhered closely to reporting guidelines and used
statistical methods to limit confounding and enhance
trustworthiness in measures of association.

However, our study has important limitations. We
applied stringent methods to account for differences
in patient characteristics, particularly with relation
to previous mental health history among patients
(including previous psychiatric diagnoses, previous
outpatient mental health provider visits, and previous
history of self-harm behaviours requiring hospital
attention). However, given the observational study

doi: 10.1136/bmj.n973 | BMJ 2021;373:n973 | thebmj
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Table 3 | Cox regression analyses identifying factors associated with suicide, self-harm, and suicide or self-harm among ICU survivors. Values are
hazard ratios (95% confidence intervals)

Factors Suicide Self-harm Suicide or self-harm
Age (per one year) 0.98 (0.98t0 0.99) 0.96 (0.95 10 0.96) 0.96 (0.96 t0 0.96)
Female sex 0.57 (0.49 t0 0.67) 1.00 (1.02to 1.14) 1.00 (0.95 to 1.06)
Neighbourhood income fifth
Lowest Reference Reference Reference
Low 1.13(0.92t0 1.39) 0.83(0.75100.87) 0.83(0.77 t0 0.89)
Middle 1.09 (0.87 to 1.35) 0.78 (0.70t0 0.82) 0.78 (0.73 t0 0.84)
High 0.92(0.73t0 1.16) 0.71(0.63100.74) 0.71(0.651t00.76)
Highest 0.82 (0.64 to 1.05) 0.67 (0.611t00.72) 0.67 (0.62 10 0.73)

Urban residence

0.92 (0.75to 1.13)

1.05 (0.99 t0 1.15) 1.05 (0.98t0 1.13)

Hospital length of stay (per one day)

0.98 (0.97 t0 0.99)

0.99 (0.99 to 1.00) 0.99 (0.99 to 1.00)

ICU length of stay (per one day)

1.00 (1.00 to 1.01)

1.00 (1.00 to 1.00) 1.00 (1.00 to 1.00)

Charlson comorbidity index

<2

Reference

Reference Reference

3-4

0.50 (0.36 t0 0.70)

0.73 (0.68 t0 0.85) 0.73 (0.65 t0 0.81)

>5

1.07 (0.65 to 1.74)

0.76 (0.55 to 0.88) 0.76 (0.61 t0 0.94)

Invasive mechanical ventilation

1.50 (1.28t0 1.77)

1.45 (1.37 t0 1.53) 1.45 (1.38t0 1.54)

Renal replacement therapy

1.56 (1.05 t0 2.32)

1.35(1.16 to 1.56) 1.35 (1.17 to 1.56)

Discharge disposition

Home without homecare

Reference

Reference Reference

Home with homecare

0.87 (0.71 to 1.08)

0.82 (0.75 to 0.88) 0.82 (0.76 t0 0.88)

Continuing care or rehabilitation

1.05 (0.75 to 1.48)

0.79 (0.67 to 0.89) 0.79 (0.70 t0 0.91)

Long term care facility

*

0.29 (0.17 t0 0.63) 0.29 (0.15 t0 0.57)

Psychiatric diagnosest

Depression or anxiety

5.73 (4.87 10 6.73)

5.69 (5.38 t0 6.05) 5.69 (5.38 t0 6.02)

Post-traumatic stress disorder

1.50 (0.93 to 2.41)

1.87 (1.67 t0 2.19) 1.87 (1.64 t0 2.13)

Schizophrenia

1.51 (1.16 to 1.96)

1.39 (1.28t0 1.53) 1.39 (1.28t0 1.52)

Bipolar affective disorder

2.20 (1.70t0 2.84)

2.38 (2.19t0 2.59) 2.38 (2.20t0 2.58)

Hospital admissions in preceding year (per previous admission)

0.88 (0.66 to 1.18)

1.26 (1.20t0 1.31) 1.25 (1.19 to 1.30)

Outpatient psychiatric visits in preceding year (per previous visit)

1.02 (1.01 t0 1.03)

1.02 (1.02 t0 1.02) 1.02 (1.02 t0 1.02)

Year of index hospital admission

2009

0.57 (0.36 t0 0.92)

1.36 (1.12 t0 1.65) 1.25 (1.04 to 1.49)

2010 0.54 (0.33100.87) 1.19 (0.98 to 1.45) 1.10(0.92t0 1.32)
2011 0.53 (0.32 t0 0.86) 1.09 (0.89t0 1.32) 1.02 (0.84t0 1.22)
2012 0.68 (0.42 10 1.10) 1.01(0.82t01.23) 0.96 (0.7910 1.15)
2013 0.57 (0.35 t0 0.94) 1.03 (0.84 t0 1.26) 0.97 (0.80t0 1.17)
2014 0.75(0.46t0 1.23) 0.98 (0.79t0 1.20) 0.94 (0.78t0 1.14)
2015 0.63 (0.37 to 1.05) 0.97 (0.79 to 1.20) 0.93 (0.76 t0 1.13)
2016 0.91(0.54101.52) 0.98(0.79t01.22) 0.96 (0.78t0 1.18)
2017 Reference Reference Reference

ICU=intensive care unit.

*Among patients who died by suicide, none were discharged to long term care.
tDenotes diagnoses at index admission or previously.

design, we cannot rule out residual confounding, and
therefore interpretation of our results must account
for this limitation. Similarly, while we followed the
PROGRESS guidelines in the creation of our prognostic
model,>®3* we were limited by the retrospective nature
of our dataset, and at present, a lack of external
validation. As such, the associations we identified
require further study. Additionally, we were limited
by the granularity of the available data, such as initial
ICU admission diagnoses, severity of illness indices,
drugs received in hospital (eg, vasoactive agents),
and mechanism of suicide. Moreover, the self-harm
outcome was derived as a composite of various ICD
codes that have not been validated with chart review
(and therefore could result in misclassification), and
only included deliberate self-harm behaviours that
prompted medical attention. However, we conducted
separate analyses of self-harm and suicide, and
showed similar findings, which might reduce concerns
about the measure of self-harm as a study outcome.

thebmj | BMJ2021;373:n973 | doi: 10.1136/bmj.n973

Finally, we have few data on the association between
various protective factors (eg, personality traits,
support system, receipt of specific post-discharge
psychological treatments), and suicide or self-harm.
Future research should seek to understand if such
interventions might attenuate the prognosis for suicide
and self-harm in these patients.

Comparison with other studies

Psychological morbidity is common among ICU
survivors, and is often attributed to physical
manifestations of post-intensive care syndrome,?
such as potentially long lasting muscle weakness,
reduced exercise capacity, cognitive impairments,
fatigue, chronic pain, substance misuse, and financial
hardship.*® 12'* 3¢ However, our work shows that ICU
survivors who go on to complete suicide and self-harm
are markedly different from the patients with chronic
physical morbidity after discharge. These patients
tend to be younger, have previous mental health
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Fig 2 | Heat maps showing crude incidence of suicide, self-harm, and suicide or self-harm per 100 000 person years,
stratified by age, receipt of invasive interventions (invasive mechanical ventilation or renal replacement therapy), and

previous mental health diagnoses

history but otherwise lower comorbidity burden,
and also seem to maintain some degree of physical
independence at discharge (on the basis of a lower
proportion of discharge to long term care). As a result,
the population of ICU survivors at risk of future suicide
and self-harm seems to be distinct from the population
that we consistently associate with post-intensive care
syndrome,’ and this was one of the most important
findings in our study. Identification of unique at risk
ICU survivor groups is the cornerstone in the deriva-
tion of methods for mitigation of adverse long term
outcomes among these patients.4

We found that previous mental health diagnoses
had the strongest prognostic association with future
suicide and self-harm, consistent with existing studies
in a variety of populations.'” This finding highlights the
importance of assessing for such morbidity among ICU
survivors, and several tools for screening in hospital
exist.'? Receipt of invasive mechanical ventilation and
renal replacement therapy were prognostic factors
that were significantly associated with self-harm and
suicide. These life support interventions, particularly

when used over a prolonged duration, have also
been associated with a higher incidence of mood
disorders.">

We found a higher incidence of suicide and
self-harm among ICU survivors in lower income
neighbourhoods. An inverse association between
suicide and socioeconomic status has been previously
shown, and could relate to higher concomitant
comorbidities, mental health diagnoses, and reduced
access to mental health resources.’’ Finally, suicide
and self-harm appeared to be higher among patients
discharged home independently compared with those
discharged to a healthcare facility. Again, this is in
contrast to the population typically associated with
post-intensive care syndrome.’ This prognostic finding
might be related to reduced assistance with activities of
daily living, lack of emotional and social support, and
reduced access to healthcare. Furthermore, patients
discharged to these long term care facilities might
have reduced function and cognitive impairment, with
reduced capacity, which could also account for the
lower incidence of suicide and self-harm.>®

doi: 10.1136/bmj.n973 | BMJ 2021;373:n973 | thebmj
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While the overall magnitude of risk of suicide
among ICU survivors (compared with non-ICU hospital
survivors) does not appear to be substantial, it might
have important implications at the population level.
Firstly, determination of post-discharge suicide risk
among patients admitted to hospital is complex,’
and thus further identification of possible prognostic
factors has value. Secondly, while all ICU survivors
might not be equally affected, there could be particular
subpopulations at heightened risk. Therefore, we
stratified patients by age, previous mental health
diagnoses, and ICU treatment interventions to
identify varying prognosis levels across relevant and
readily identifiable patient subgroups. Younger age,
pre-existing mental health disease, and life support
treatments in ICU were associated with higher
prognosis for suicide and self-harm. Identification
of patients at high risk could allow for informed
targeting of preventative strategies. Our work further
emphasises that differences in incidence of suicide and
self-harm between ICU survivors and non-ICU hospital
survivors develop early after hospital discharge, and
are sustained over subsequent years.” Therefore,
early intervention might be particularly important.
Focus must be on the assessment of high risk patient
populations, and identifying individual patients who
could benefit from further assessment and treatment.>
Patient follow-up is of potential importance, and
additional investigation into outpatient care of ICU
survivors (particularly in relation to mental health
and palliative care) after discharge represents an
important avenue for future research. Post-intensive
care follow-up clinics could be used to facilitate
further identification and treatment of patients with
mental health disease after an ICU admission,*
and could involve consultants in psychiatry or
psychology. Additionally, primary care providers have
a fundamental role in assessing and evaluating these
patients after ICU and hospital discharge, and early
follow-up should be considered.*!

Conclusion and policy implications

In this large population based study from Ontario,
Canada, survival from critical illness was associated
with subsequent suicide and self-harm, with ICU
survivors having a higher incidence of these outcomes
compared with hospital survivors who never required
ICU admission. Prognostic factors associated with
suicide and self-harm among ICU survivors included
pre-existing psychiatric illness, lower socioeconomic
status, life support interventions in the ICU, and
hospital discharge to home rather than a healthcare
facility. Future research should identify methods
of reducing suicide and self-harm in ICU survivors,
particularly those with these additional prognostic
factors.
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