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A fter a cancer diagnosis, individuals are often faced with 
real risks of death and disability.1–3 In times of pro-
longed stress, individuals are particularly susceptible to 

depressive symptoms or severe manifestations of mental illness, 
including self-injury or suicide.4,5 In Canada, rates of death by 
suicide are 1.3 times higher for individuals with cancer than for 
the general population.5 In other countries, suicide rates have 
been reported to be up to 4.4 times higher than in the general 
population.6–8 Although a substantial amount of work has 
focused on suicide risk among those diagnosed with cancer,9 
broader manifestations of mental illness, such as nonfatal self-
injury, have not been as well studied. We recently established 
that 3 in 1000 patients will experience a nonfatal self-injury 
event after their cancer diagnosis.10 However, data are lacking 
on how this compares with the general population. Identifying 
whether individuals diagnosed with cancer are at an increased 
risk for nonfatal self-injury is important in devising and fund-
ing supportive care programs for patients with cancer.

Given this, we sought to compare the rate of nonfatal self-
injury among individuals in Ontario diagnosed with cancer 
against matched controls with no history of cancer.

Methods

We conducted a matched cohort study examined under a 
difference-in-differences framework using population-
based routinely collected administrative data. All data sets 
used in this study were linked using unique encoded identi-
fiers and analyzed at ICES. This study was reported 
according to the Reporting of Studies Conducted Using 
Observational Routinely-collected Health Data (RECORD) 
statement.11
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Background: Psychological distress following a cancer diagnosis potentially increases the risk of intentional, nonfatal self-injury. The 
purpose of this work is to evaluate and compare rates of nonfatal self-injury among individuals in Ontario diagnosed with cancer 
against matched controls with no history of cancer.

Methods: Adults in Ontario diagnosed with cancer from 2007 to 2019 were matched to 2 controls with no history of cancer, based on 
age and sex. We calculated the absolute and relative difference in rates of nonfatal self-injury in the 5 years before and after the 
index date (date of cancer diagnosis and dummy date for controls). We used crude difference-in-differences methods and adjusted 
Poisson regression-based analyses to examine whether the change in rates of nonfatal self-injury before and after index differed 
between cancer patients and controls.

Results: The cohort included 803 740 people with cancer and 1 607 480 matched controls. In the first year after diagnosis, individuals 
with cancer had a 1.17-fold increase in rates of nonfatal self-injury (95% confidence interval [CI] 1.03–1.33) compared with matched 
controls, after accounting for pre-existing differences in rates of nonfatal self-injury and other clinical characteristics between the groups. 
Rates of nonfatal self-injury remained elevated in the cancer group by 1.07-fold for up to 5 years after diagnosis (95% CI 0.95–1.21).

Interpretation: In this study, incidence of nonfatal self-injury was higher among individuals diagnosed with cancer, with the greatest 
impact observed in the first year after diagnosis. This work highlights the need for robust and accessible psychosocial oncology pro-
grams to support mental health along the cancer journey.
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Data sources
The Ontario Cancer Registry (OCR) is a provincial database 
on individuals diagnosed with cancer other than basal cell 
carcinoma and squamous cell carcinoma of the skin. The 
OCR is estimated to capture more than 95% of all diagnoses 
in Ontario.12 The Registered Persons Database contains 
demographic information for all individuals who are eligible 
for the Ontario Health Insurance Plan (OHIP).13 The Dis-
charge Abstract Database contains patient-level data, includ-
ing clinical data, demographic data and administrative data 
for acute, rehab, chronic and day surgery institutions in 
Ontario.14 The National Ambulatory Care Reporting Sys-
tem captures information on patient visits to hospitals and 
community-based ambulatory care. The Ontario Mental 
Health Reporting System contains information from partici-
pating hospitals in Ontario that report on patients’ psychiat-
ric diagnoses or usage of mental health services. The 
Ontario Marginalization Index is a geographically based 
index that quantifies the degree of marginalization across 
Ontario based on Canadian census data.15

Study cohort
Individuals aged 18 years or older diagnosed with cancer 
between Jan. 1, 2007, and Mar. 31, 2019, as identified in the 
OCR using International Classification of Diseases for Oncology, 
3rd edition codes,16 were selected for potential inclusion in the 
study (Appendix 1, available at www.cmajopen.ca/content/11/2/
E291/suppl/DC1). Individuals were subsequently excluded 
if they had more than 1 cancer diagnosis on the same day, if 
their date of last contact was missing, if their death date pre-
ceded their cancer diagnosis date (indicating an entry error), 
if they were ineligible for OHIP on the date of diagnosis, or if 
their OHIP eligibility lapsed for a period of greater than 
90 days in the 5 years before diagnosis.

Two control individuals without a cancer history were 
selected for each individual with cancer, based on a hard 
match of age (exact birth year) and sex. For individuals with 
cancer, their index date was the date of cancer diagnosis. Indi-
viduals in the control group were assigned the same index 
date as the matched cancer patient. We collected information 
for up to 5 years before the index date. Individuals were then 
followed from the index date until their date of death, the date 
that they lost OHIP eligibility, or Mar. 31, 2020, whichever 
occurred first.

Covariates
All covariates were measured at the index date. Age and sex 
were categorical variables. Rurality was dichotomized as rural 
or urban using the Rurality Index for Ontario.17 Material 
deprivation, a measure of socioeconomic status, was catego-
rized into quintiles with the fifth quintile representing the 
highest level of deprivation (most deprived).15 Prior usage of 
mental health services in the 5 years before the index date was 
categorized as no mental health service use, inpatient psychi-
atric care, outpatient psychiatric care or other mental health 
usage, as previously described.18,19 We captured the presence 
of comorbidities in the 2 years before the index date using a 

modified version of the Elixhauser Comorbidity Index that 
excluded cancer diagnoses and was dichotomized as low (0–3) 
or high (≥ 4).20,21 For individuals with cancer, cancer stage, 
cancer type and year of diagnosis (grouped by 2-year inter-
vals) were reported. We reported cancer stage as per the 
American Joint Committee on Cancer Staging Manual, 7th edition22 
(Appendix 2, available at www.cmajopen.ca/content/11/2/
E291/suppl/DC1).

Outcome
The outcome of interest was the rate of nonfatal self-injury. 
Based on prior work, nonfatal self-injury incidence was 
defined as an emergency department visit for self-injury 
(including physical injury or self-poisoning) of intentional 
(International Statistical Classification of Diseases and Related 
Health Problems, 10th Revision, Canada [ICD-10-CA] codes 
X61–X84) or undetermined intent (ICD-10-CA codes Y10–
Y19, Y28).23–26

Statistical analysis

Baseline characteristics
We compared the distributions of baseline characteristics 
between cancer patients and corresponding matched con-
trols. Between-group comparisons of proportions were per-
formed using standardized differences.27 We defined a sig-
nificant imbalance as a weighted standardized difference of 
0.10 or greater.27

Selection of pre- and postindex periods
We employed a crude difference-in-differences analysis 
comparing absolute rates of nonfatal self-injury and an 
adjusted Poisson regression–based analysis. For both 
approaches, the rate of nonfatal self-injury in the cancer 
group and the control group were calculated in the first year 
after the index date (year 0–1) and compared with the rate in 
the 5 years before the index date. Rates in years 0–5 and 1–5 
were also calculated and compared with preindex rates of 
nonfatal self-injury.

The recorded date of diagnosis for an individual is not 
necessarily the date that they become aware of their cancer 
diagnosis or the date that they begin to experience symp-
toms associated with their diagnosis. In fact, individuals 
may enter the health care system with cancer-related symp-
toms up to 1 year before they receive a diagnosis; this is 
referred to as the peridiagnostic period.28 For this reason, 
there is the potential that any nonfatal self-injury events 
that occur in the year before diagnosis may not be reflective 
of the baseline rate of self-injury, but may instead be related 
to the cancer diagnosis. To ensure that we captured a true 
preindex rate of nonfatal self-injury that was unaffected by 
the cancer experience, we repeated our analyses excluding 
the peridiagnostic period, allowing for a 6-month peridiag-
nostic period, by excluding all nonfatal self-injury events 
and follow-up time in the 6 months immediately preceding 
the index date. This was repeated allowing for a 12-month 
peridiagnostic period.
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Crude difference-in-differences analysis
The rate of self-injury was calculated as the number of events 
in a given period, divided by the sum of the person-years in 
that period to account for differences in follow-up time. For 
the crude analysis, the difference in rates (cancer rate minus 
control rate) and relative rates (cancer rate divided by control 
rate) were calculated. The crude difference-in-differences was 
then calculated by subtracting the difference obtained in the 
preindex period from the difference obtained in the postindex 
period. The ratio of relative rates was calculated by dividing 
the relative rate of nonfatal self-injury postindex by the rela-
tive rate preindex.

Poisson regression–based difference-in-differences 
analysis
For the regression-based analysis, we implemented a Poisson 
regression model using generalized estimating equations to 
account for the matched design. The models used the natural 
logarithm of each individual’s follow-up time as the offset. 
The unadjusted analysis modelled the outcome rate and 
included 3 necessary covariates: exposure (cancer or control), 
period (pre- or postindex), and an interaction between expos-
ure and period. The adjusted model included any measured 
covariates that showed imbalance between the cancer and 
control groups at index. All analyses were performed using 
SAS Enterprise Guide 7.1 (SAS Institute) and R Studio 12.1 
(R Foundation).

Ethics approval
Studies conducted at ICES using administrative data fall 
under section 45 of Ontario’s Personal Health Information Pro-
tection Act and do not require research ethics board approval.

Results

The final study cohort included 803 740 individuals with can-
cer and 1 607 480 matched controls (Figure 1, Table 1). Over 
the entire study period, there were 6708 nonfatal self-injury 
events in the cancer group and 13 070 in the control group. In 
the preindex period, the mean follow-up time in the cancer 
and control groups were 1770 days and 1763 days, respect-
ively. In the postindex period, the mean follow-up times were 
1596 days in the cancer group and 1949 days in the control 
group (Appendix 3, available at www.cmajopen.ca/content 
/11/2/E291/suppl/DC1).

In the 5 years before the index date, there were 9.37 (95% 
confidence interval [CI] 9.07–9.68) events per 10 000 person-
years of follow-up time among individuals with cancer and 
8.64 (95% CI 8.44–8.85) events per 10 000 person-years 
among controls (relative rate 1.08, 95% CI 1.04–1.13). In 
years 0–1 after the index date, there were 10.40 (95% CI 9.66–
11.19) events per 10 000 person-years among individuals with 
cancer and 8.24 (95% CI 7.80–8.71) events per 10 000 person-
years among controls (relative rate 1.26, 95% CI 1.15–1.38) 
(Table 2). The adjusted ratio of relative rates obtained from 
the regression model was 1.17 (95% CI 1.03–1.33), indicating 
that after accounting for pre-existing differences in rates of 

nonfatal self-injury between the 2 groups, rates in the cancer 
group remained 1.17 times higher after diagnosis compared 
with the control group (Figure 2). When the analysis was 
repeated excluding the peridiagnostic period (assuming a 
6-month peridiagnostic period) we observed a 1.20-fold (95% 
CI 1.05–1.37) increase in nonfatal self-injury in the cancer 
group compared with the control group. Assuming a 
12-month peridiagnostic period, we observed a 1.21-fold (95% 
CI 1.06–1.39) increase. The ratio of relative rates of nonfatal 
self-injury between the cancer and control group in years 1–5 
after index was lower compared with years 0–1 (relative rate 
1.07, 95% CI 0.95–1.21) (Figure 2).

Interpretation

In this population-based difference-in-differences study, we 
compared rates of nonfatal self-injury between individuals 
with and without cancer who were matched by age and sex. 
The relative increase in nonfatal self-injury among individuals 
with cancer was 1.17 times higher in the year after diagnosis, 
compared with controls, over the same period. Rates of self-
injury were not significantly elevated after 1 year. When we 
excluded the peridiagnostic period from the analysis, we 
observed a greater difference-in-differences in rates of non-
fatal self-injury between the 2 groups. The peridiagnostic 
period is a noted time of distress,29 creating the potential for 
increased nonfatal self-injury. Including these events likely 
artificially inflates the preindex rates of nonfatal self-injury in 
the cancer group, thereby decreasing the observed difference-
in-differences estimate.

Excluded  n = 27 382 
•  Died before diagnosis  n = 10 983 
•  Multiple cancer diagnoses on the same 
   index date  n = 6755 
•  Age < 18 or > 105 yr  n = 6134 
•  No contact with health care system  
   n = 2680 
•  Not an Ontario resident  n = 667 
•  Died during the same index admission  
   n = 163 

Excluded  n = 3170 
•  OHIP lapse > 90 d  n = 3138 
•  No follow-up period  n = 32 

Assessed for eligibility 
Patients with cancer  n = 834 292    

Eligible patients with cancer 
n = 806 910  

Final cohort  n = 2 411 220  
Patients with cancer  n = 803 740 
Matched controls  n = 1 607 480  

Figure 1: Cohort creation. Note: OHIP = Ontario Health Insurance Plan.
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Table 1: Distributions of baseline characteristics among patients with cancer and cancer-free controls

Characteristic

No. (%) of individuals 

Standardized 
difference*

Cancer-free controls
n = 1 607 480

Patients with cancer
n = 803 740

Age at diagnosis, yr
    18–39 75 689 (4.7) 37 827 (4.7) 0.00
    40–49 129 643 (8.1) 64 616 (8.0)
    50–59 292 016 (18.2) 146 033 (18.2)
    60–69 431 711 (26.9) 215 979 (26.9)
    ≥ 70 678 421 (42.2) 339 285 (42.2)
Sex
    Female 800 122 (49.8) 400 061 (49.8) 0.00
    Male 807 358 (50.2) 403 679 (50.2)
Rurality†
    Urban 1 449 450 (90.2) 721 830 (89.8) 0.01
    Rural 156 331 (9.7) 81 369 (10.1)
Deprivation quintile†
    Q1 (least) 320 027 (19.9) 160 154 (19.9) 0.00
    Q2 319 160 (19.9) 160 118 (19.9)
    Q3 315 001 (19.6) 158 534 (19.7) 
    Q4 319 604 (19.9) 159 311 (19.8) 
    Q5 (most) 320 046 (19.9) 160 005 (19.9)
Elixhauser Comorbidity Index score
    0–3 (low) 1 500 636 (93.4) 727 865 (90.6) 0.10
    ≥ 4 (high) 106 844 (6.6) 75 875 (9.4)
Prior usage of mental health services
    No use of mental health services 991 004 (61.6) 486 962 (60.6) 0.02
    Inpatient 13 503 (0.8) 6583 (0.8)
    Outpatient 29 524 (1.8) 14 246 (1.8) 
    Mental health services use 573 449 (35.7) 295 949 (36.8)
Year of diagnosis
    2007–2008 – 120 304 (15.0) NA
    2009–2010 – 127 051 (15.8)
    2011–2012 – 132 911 (16.5)
    2013–2014 – 132 133 (16.4)
    2015–2016 – 136 091 (16.9)
    2017–2018 – 139 179 (17.3)
    2019 – 16 071 (2.0)
Cancer site
    Bone sarcoma and PNS – 1647 (0.2) NA
    Breast – 112 300 (14.0)
    Bronchopulmonary – 103 831 (12.9)
    CNS – 10 597 (1.3)
    Endocrine – 32 234 (4.0)
    Gastrointestinal – 151 560 (18.8)
    Genitourinary – 169 990 (21.1)
    Gynecologic – 49 417 (6.1)
    Hematopoietic and lymphoma – 92 175 (11.5)
    Head and neck – 19 116 (2.4)
    Skin – 36 748 (4.6)
    Other – 24 125 (3.0)
Cancer stage    
    0 – 1732 (0.2) NA
    I – 149 293 (18.6)
    II – 144 163 (17.9)
    III – 93 937 (11.7) 
    IV – 107 763 (13.4)
    Missing or unknown – 306 852 (38.2) 

Note: CNS = central nervous system, NA = not applicable, PNS = peripheral nervous system.
*Imbalance of Elixhauser Comorbidity Index score is indicated by a standardized difference of ≥ 0.10. This covariate was adjusted for in the multivariable model.
†The sum of counts does not equal the column total because of individuals with missing information (≤ 1.0%) for this characteristic.
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Table 2: Difference-in-differences calculation of nonfatal self-injury in the first 5 years after diagnosis

Analysis
Time

period Exposure N
NFSI 

frequency
Follow-up time 
(person-years)

Rate per 10 000 
 (95% CI)

Difference 
 in rates

Relative 
rate

Estimates*

DID

Ratio of 
relative 
rates†

Year 0–1 
v. 5 year 
preindex

Pre-
index

Cancer 803 740 3704 3 952 538 9.37 (9.07–9.68) 0.73 1.08 – –

Controls 1 607 480 6 02 7 870 255 8.64 (8.44–8.85)

Post-
index

Cancer 803 740 716 688 600 10.40 (9.66–11.19) 2.16 1.26 1.43 1.16

Controls 1 607 480 1264 1 534 334 8.24 (7.80–8.71)

Years 
1–5 v. 
5 year 
preindex

Pre-
index

Cancer 550 313 2366 2 703 413 8.75 (8.41–9.11) 0.23 1.03 – –

Controls 1 100 626 4596 5 394 840 8.52 (8.28–8.77)

Post-
index

Cancer 550 313 1347 1 563 586 8.61 (8.17–9.09) 0.79 1.10 0.56 1.07

Controls 1 100 626 2626 3 356 057 7.82 (7.53–8.13)

Years 
0–5 v. 
5 year 
preindex

Pre-
index

Cancer 803 740 3704 3 952 538 9.37 (9.07–9.68) 0.73 1.08 – –

Controls 1 607 480 6802 7 870 255 8.64 (8.44–8.85)

Post-
index

Cancer 803 740 2221 2 461 014 9.02 (8.66–9.41) 1.41 1.19 0.68 1.09

Controls 1 607 480 4538 5 960 260 7.61 (7.40–7.84)

Note: DID = difference in differences (difference in the postindex period – difference in the preindex period), NSFI = nonfatal self-injury.
*Unadjusted estimates are presented.
†Ratio of relative rates: relative rate in the postindex period / relative rate in the preindex period.

Relative rate

0–1 year post v. 5 years pre 

No exclusion 

6-month peridiagnostic period excluded

12-month peridiagnostic period excluded 

1–5 years post v. 5 years pre 

No exclusion 

6-month peridiagnostic period excluded

12-month peridiagnostic period excluded

0–5 years post v. 5 years pre

No exclusion 

6-month peridiagnostic period excluded

12-month peridiagnostic period excluded

Pre period 

1.06

1.04

1.03

1.00

1.00

0.99

1.06

1.04

1.03

Post period

1.23

1.24

1.25

1.07

1.07

1.08

1.15

1.16

1.17

Ratio

1.17

1.20

1.21

1.07

1.08

 1.09

1.09

1.12

1.13

95% CI

1.03–1.33

1.05–1.37

1.06–1.39

0.95–1.21

0.95–1.23

0.95–1.25

0.99–1.21

1.01–1.25

1.01–1.26

Ratio of relative rates
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

 

Figure 2: Adjusted ratio of relative rates of nonfatal self-injury in patients with cancer compared with controls. Estimates have been adjusted for 
Elixhauser Comorbidity Index score (dichotomized as low [0–3] or high [≥ 4]).
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Although nonfatal self-injury is recognized as a crucial 
repercussion of critical illness or other traumatic events, 
such as major burns, it has not been examined in patients 
with cancer.30,31 The literature on critical illness identified 
different sets of risk factors for self-injury in different clin-
ical groups.31 These results suggest that risk factors for self-
injury may be context specific, supporting the need for 
cancer-specific research to identify risk factors for self-
injury among individuals with cancer. The increased rate of 
nonfatal self-injury after cancer diagnosis observed in this 
study, particularly in the first year after diagnosis, mirrors 
trends in suicide after cancer diagnosis.5–7 Though this 
study assessed rates of nonfatal self-injury, which may 
include self-injury with suicidal intent as well as self-injury 
without suicidal intent, these 2 behaviours have overlapping 
risk factors, such as depression, anxiety and hopelessness, 
related to cancer-associated poor mental health.32–34 This 
work adds to the existing literature on mental illness among 
individuals with cancer by reporting on nonfatal self-injury 
as a target outcome for potentially severe manifestations of 
poor mental health.

Recognizing that individuals with cancer have an 
increased risk for self-injury compared with the general 
popu lation confirms that patients with cancer require addi-
tional support and resources to manage poor mental health 
throughout the continuum of their care. Our prior work has 
identified that younger age, certain cancer subsites (includ-
ing head and neck cancers), history of severe psychiatric ill-
ness and prior self-injury were independently associated with 
risk of nonfatal self-injury.10 Furthermore, these exposures 
act synergistically, placing young adults with a prior mental 
health history at the greatest risk of nonfatal self-injury. 
Such high-risk patients should be carefully counselled and 
offered supportive mental health resources throughout their 
cancer journey. Caring for a patient’s psychological well-
being improves their quality of life, makes them more likely 
to adhere to medical recommendations and can also reduce 
the burden on the health care system by decreasing health 
care utilization.35,36

Future work may explore the relation between nonfatal 
self-injury and cancer stage. Rates of self-injury are likely to 
vary owing to different symptom burdens and prognoses asso-
ciated with different cancer types and cancer stages.10 Our 
ability to analyze rates of nonfatal self-injury by cancer stage is 
currently limited, as stage is often missing from the OCR for 
systemic reasons.

The primary strength of this study lies in the cohort and 
study design, which strengthens the ability for causal infer-
ence. We adjusted for potential confounders, resulting in 2 
comparable groups and accounted for pre-existing differences 
among the population. The longitudinal data, unique to our 
data sets, allowed us to capture rates of non fatal self-injury for 
all individuals diagnosed with cancer in Ontario over a period 
of 12 years and allowed us to follow these individuals for up to 
13 years after diagnosis. As our study takes place within a pub-
licly funded health care system, loss of information owing to 
insurance status and loss to follow-up are minimal. 

Limitations
One limitation of the study is that we likely underestimated 
the true incidence of self-injury by counting only nonfatal 
self-injury events that resulted in emergency department vis-
its. However, collecting self-injury events from emergency 
department data has been shown to be an effective method to 
capture self-injury incidence23 and, as we use the same meth-
ods of data collection for both the cancer and control groups, 
our comparisons remain valid. 

Conclusion
Individuals diagnosed with cancer are at increased risk for non-
fatal self-injury compared with those without cancer, at least 
during the first year after diagnosis. Nonfatal self-injury is an 
important outcome of cancer-related mental health that must 
be considered when devising supportive care programs for 
patients with cancer. The findings from this study re inforce 
the need to provide robust and accessible psychosocial oncol-
ogy programs to support mental health along the cancer jour-
ney, particularly in the first year after diagnosis, and highlight 
nonfatal self-injury as an important target outcome for poten-
tially severe manifestations of poor mental health.
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