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Background. The association between physical disorders and suicide remains unclear. The aim of this study was to
examine the relationship between physical disorders and suicide after accounting for the effects of mental disorders.

Method. Individuals who died by suicide (n=2100) between 1996 and 2009 were matched 3:1 by balancing score to
general population controls (1=6300). Multivariate conditional logistic regression compared the two groups across
physician-diagnosed physical disorders [asthma, chronic obstructive pulmonary disease (COPD), ischemic heart disease,
hypertension, diabetes, cancer, multiple sclerosis and inflammatory bowel disease], adjusting for mental disorders and
co-morbidity. Secondary analyses examined the risk of suicide according to time since first diagnosis of each physical
disorder (1-90, 91-364, > 365 days). Similar analyses also compared individuals with suicide attempts (1n=8641) to
matched controls (1 =25923).

Results. Cancer was associated with increased risk of suicide [adjusted odds ratio (AOR) 1.40, 95% confidence interval
(CI) 1.03-1.91, p <0.05] even after adjusting for all mental disorders. The risk of suicide with cancer was particularly high
in the first 90 days after initial diagnosis (AOR 4.10, 95% CI 1.71-9.82, p<0.01) and decreased to non-significance after
1 year. Women with respiratory diseases had elevated risk of suicide whereas men did not. COPD, hypertension and
diabetes were each associated with increased odds of suicide attempts in adjusted models (AORs ranged from 1.20
to 1.73).

Conclusions. People diagnosed with cancer are at increased risk of suicide, especially in the 3 months following initial
diagnosis. Increased support and psychiatric involvement should be considered for the first year after cancer diagnosis.
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Introduction

Suicide is the tenth leading cause of death in the
USA with over 36 000 deaths annually (CDC, 2013), or
roughly 100 deaths per day. In 2012, the US Surgeon
General released an updated National Strategy for
Suicide Prevention, prioritizing suicide research as a
key strategic direction towards the goal of reducing
suicide (HHS, 2012). In addition to emphasizing the
public health impact of suicide, the report recognized
the importance of suicide attempts. For each suicide
death there are 30 attempts, equivalent to more than
1.1 million suicide attempts annually. Suicide attempts
are one of the strongest risk factors for eventual suicide
(Tidemalm et al. 2008). Together, suicide and suicide
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attempts result in direct and indirect costs to society of
over US$20 billion annually in the USA, and thus rep-
resent a major public health and economic concern
(Yang & Lester, 2007). Mental disorders are present in
90% of people who die by suicide and consequently
have been a predominant focus of research efforts and
clinical attention in suicide prevention (Cavanagh et al.
2003). There is a substantial body of evidence implicat-
ing several mental disorders, including depression,
bipolar disorder, anxiety disorders, substance use disor-
ders and schizophrenia, as all contributing indepen-
dently to the risk of suicide attempts and completed
suicide (Harris & Barraclough, 1997; Mortensen et al.
2000; Bolton & Robinson, 2010).

The association between physical disorders and sui-
cidal behavior has received far less attention when
compared to mental disorders and social character-
istics. Some existing literature shows an increased
risk of suicide attempts linked with physical illness



496 ]. M. Bolton et al.

(Druss & Pincus, 2000; Goodwin et al. 2003; Goodwin
& Eaton, 2005). However, people with physical condi-
tions have elevated rates of mental illness (Scott et al.
2007; Roy-Byrne et al. 2008), and once the effects of
mental disorders are accounted for, the literature
becomes divided, with some studies showing an atte-
nuated risk of suicidal behavior and suggesting
that the latter is attributable to mental disorder
co-morbidity (Rasic et al. 2008; Lossnitzer et al. 2009).
Although several studies have specifically examined
the relationship between cancer and suicide (Misono
et al. 2008; Fall et al. 2009; Robinson et al. 2009;
Turaga et al. 2011; Fang et al. 2012), studies of other
physical illnesses are few, and again find mixed results
(Fredrikson et al. 2003; Bronnum-Hansen et al. 2005;
Pompili et al. 2007; Giltay et al. 2010; Webb et al.
2012). Two reviews have described an increased risk
of suicide among specific disorders, but both noted
that existing literature was fraught with methodologi-
cal limitations, including small clinical samples and a
lack of control for confounding factors, especially men-
tal disorders (Harris & Barraclough, 1994; Hawton &
van Heeringen, 2009). There are very few matched
case—control studies that have systematically adjusted
for mental disorder confounders. Furthermore, to our
knowledge, there have been no studies that have
used balancing score matching to adjust for bias due
to covariance with confounding variables.

In this context, we undertook this study with the aim
of addressing many of the limitations of previous
work. The primary aim of this study was to examine
the association between physical disorders and suicide.
Secondary objectives included examining the relation-
ship according to time since diagnosis, and also inves-
tigating the association between physical disorders
and suicide attempts. We used a population-based
sample to compare all people who had died by suicide
to matched living controls in Manitoba between the
years 1996 and 2009. The groups were matched by
balancing score on several potentially confounding
variables. We examined eight physical disorders as in-
dependent predictor variables in models that adjusted
for co-morbidity effects and a comprehensive range of
mental disorders. All diagnoses were made by physi-
cians. This methodological approach positioned this
study to provide the most comprehensive assessment
of the relationship between physical illness and suicide
to date.

Method
Data sources and sample

The study sample was the population of Manitoba,

Canada (n=1.2 million). Data came from the

Population Health Research Data Repository at the
Manitoba Centre for Health Policy, within the
University of Manitoba. All health contacts are linked
by an encrypted personal health information number
that provides a longitudinal health profile for almost
all residents in the province, and can be linked to sev-
eral other databases within the repository. Databases
used in this study included vital statistics (to identify
suicides), the Manitoba Health Registry (physical and
mental disorder out-patient diagnoses, hospitalization
discharge diagnoses, marital status), and area-level
census data (age, sex, income, region of residence).
The accuracy of the datasets is excellent (Roos &
Nicol, 1999). The study period was 1996-2009, based
on completeness of the datasets from 1996 onwards,
and data from 2009 being the most recent available.
This study was approved by the Research Ethics
Board at the University of Manitoba and the Health
Information Privacy Committee of Manitoba Health.

Case identification and balancing matching

All people who died by suicide (#=2100) during the
study period were identified using ICD codes (specific
codes listed in the online Appendix). Each decedent
was matched by balancing score to three living controls
(n=6300). The balancing score was generated as the pre-
dicted probability of dying by suicide based on birth
year (grouped by 5-year intervals), sex, marital status
(married, not married), region of residence (grouped in
10 provincial regional health authorities), and area-level
income (grouped in deciles). After matching, the
Kolmogorov—Smirnov test for difference in the distri-
bution of the balancing score was non-significant
(KSa=0.075, p=1.0). The standard difference between
cases and controls after matching was less than 1.5%
for all variables. A group of all people who attempted
suicide in the study period (1 = 8641), identified in medi-
cal claims and hospitalization abstracts using estab-
lished definitions for suicide attempts (Martens, 2010),
was matched in similar fashion (1:3) to people who
had not attempted suicide (n =25 923). The distribution
difference in balancing score between cases and con-
trols was non-significant (KSa=0.146, p =1.0) and stan-
dard differences between groups were less than 1.8%
for all variables after matching. Suicide attempt ICD
codes are listed in the online Appendix.

Physical disorders

Physical disorders examined in this study included
asthma, chronic obstructive pulmonary disease
(COPD), ischemic heart disease, hypertension, dia-
betes, cancer, multiple sclerosis and inflammatory
bowel disease. ICD-9-CM and ICD-10-CA codes were
used to identify the physical disorders, based on



established disorder definitions validated in the same
dataset (Fransoo et al. 2009; see Appendix). Cancer
diagnoses included all malignant neoplasms whereas
benign neoplasms were excluded. For analyses involv-
ing the suicide attempt cohort, only physical disorders
that predated the suicide attempt were considered.
The timing of first physician diagnosis (within the
study period) was also determined for each condition,
specifically whether it occurred 1-90, 91-364 or
> 365 days prior to suicide or suicide attempt. If a
physical disorder was diagnosed in two or more of
these time periods, it was included only in the earliest
period and excluded from the more recent time period.

Covariates
Mental disorders

ICD-9-CM and ICD-10-CA codes were used to identify
mental disorders of interest, including depression (uni-
polar and bipolar), anxiety disorders, substance abuse
or dependence, schizophrenia and dementia (ICD
codes in the Appendix). Mental disorders were based
on previously validated definitions using the same
dataset (Fransoo et al. 2009). A variable titled ‘other
psychosocial disorders” was also included as a covari-
ate, which included the Johns Hopkins Aggregated
Diagnosis Groups (ADGs) 23, 24 and 25, minus the
codes used to define the other mental disorders of
interest. As was the case for physical disorders, in sui-
cide attempt analyses only mental disorders predating
the suicide attempt were considered as confounders.

ADGs

Johns Hopkins ADGs were used to account for medical
co-morbidity. ADGs are part of a case-mix system that
groups every ICD-9 and -10 diagnosis code assigned to
an individual into one of 32 different ADGs. The ADGs
are based on clinical and service utilization criteria
that include duration, severity and etiology of the con-
dition. Four ADG count categories, based on previous
work (Kozyrskyj et al. 2005), were calculated: 0-2, 3-5,
6-9, 10-32. The physical disorders of interest in this
study, along with mental disorder covariates, were re-
moved from the ADG categories.

Statistical analysis

Conditional logistic regression generated odds ratios
(ORs) and 95% confidence intervals (ClIs) that com-
pared the likelihood of case status (suicide or suicide
attempt compared to matched controls) dependent
on diagnosed physical disorders. Initial unadjusted
models examined main effects of the physical disorder
of interest on risk of suicide (or suicide attempt). In the
adjusted models, covariates entered into the model
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included ADG count, all mental disorders and all
eight physical disorders of interest. Additionally,
three interaction terms were examined (one at a time)
in each adjusted model: physical disorderxsex
(male v. female), physical disorderxage (>50 years v.
<50 years) and physical disorderxincome tertile (top,
middle, bottom). Next, conditional logistic regression
was used to examine the association between timing
of initial physical disorder diagnosis and risk of suicide
(or suicide attempt). In each case group, the outcome of
interest (suicide or suicide attempt) was categorized as
occurring either 1-90, 91-364 or > 365 days after the
first date of physical disorder diagnosis. These models
were also adjusted for ADG score and all mental and
physical disorders.

Results

The sociodemographic characteristics of the entire
Manitoba population, cases (suicide and suicide
attempts) and matched controls are presented in
Table 1. Among the suicide cohort, 74.3% were male
and 22.7% were married. Of the people who died by
suicide, 55.6% lived in Winnipeg, the major urban cen-
ter of the province. More than one-fifth (21.2%) were in
the lowest income decile of the province, and almost
half (47.9%) were in the lowest three provincial deciles
of income. Among the 8641 people who made suicide
attempts, 36.9% were men and 16% were married. A
total of 41.4% lived within Winnipeg, and 53.1% had
an income level in the lowest three deciles.

The association between diagnosed physical disor-
ders and suicide is displayed in Table 2. In unadjusted
models, asthma, COPD, cancer and multiple sclerosis
were associated with increased risk of suicide.
After adjusting for the effects of co-morbidity, mental
disorders and the other physical disorders, cancer
remained significantly associated with elevated suicide
risk. There were significant sex interactions for asthma
(p<0.05), COPD (p<0.01) and ischemic heart disease
(p<0.01). Women with respiratory disease had a sign-
ificantly increased risk of suicide when compared to
their healthy female counterparts. Of note, women
with COPD had almost five times the odds of suicide
compared to women without COPD (p<0.01). Men
with ischemic heart disease had a lower risk of suicide
compared to men without heart disease. Age and in-
come interaction analyses were non-significant for all
disorders.

Analyses that examined suicide risk based on time
since initial ascertainment of diagnosis in the registry
are presented in Table 3. All analyses were adjusted
for ADG count and mental disorder co-morbidity.
Cancer was associated with an elevated risk of suicide
within the first year of diagnosis. In particular, people
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Table 1. Sociodemographic characteristics of the sample

Suicides Suicide attempts
Sociodemographic Manitoba population Cases Controls Cases Controls
characteristics (n=1175484) (%) (n=2100) (%) (n=16300) (%) (n=28641) (%) (n=25923) (%)
Birth year
1940 and earlier 21.6 15.5 15.7 52 52
1941-1950 11.2 12.7 13.1 6.4 6.4
1951-1960 15.2 205 20.0 14.7 14.7
1961-1970 15.1 19.6 19.5 20.8 20.8
1971-1980 13.5 16.4 16.2 25.7 26.2
1981-1990 14.4 13.1 13.0 23.9 23.4
1991 and later 9.0 2.6 2.6 3.3 34
Sex
Male 50.7 74.3 74.1 36.9 37.2
Marital status
Married 37.7 227 224 16.0 16.1
Region of residence
Winnipeg 58.0 55.2 55.6 414 41.7
Brandon 4.3 3.3 3.5 5.3 5.5
Rural 37.7 41.0 40.9 53.3 52.8
Income level®
Decile 1 (lowest) 9.6 21.2 21.1 22.7 235
Decile 2 10.1 15.3 15.7 17.4 17.9
Decile 3 10.0 11.3 11.7 13.0 13.2
Decile 4 10.1 8.7 8.8 74 7.1
Decile 5 9.9 8.8 8.3 8.5 7.9
Decile 6 10.1 8.2 7.7 7.3 7.0
Decile 7 9.7 6.8 6.8 6.2 6.0
Decile 8 9.5 6.5 6.7 6.2 6.2
Decile 9 9.4 6.3 6.4 5.0 5.0
Decile 10 (highest) 9.2 5.7 5.6 5.1 5.1

The balancing score was generated with birth year grouped in 5-year intervals and region of residence grouped in
10 regions; categories have been aggregated in this table for presentation.
? Income levels could not be determined for <3% of the population.

receiving their initial diagnosis of cancer had a
fourfold increased risk of suicide within the next
3 months. Multiple sclerosis showed a risk of suicide
beyond the first year of diagnosis. Newly ascertained
diagnoses of hypertension were associated with an
increased risk of suicide within the first 3 months,
but subsequently with a lower risk of suicide after
3 months and beyond the first year.

The risk of suicide attempt after physical disorder
diagnosis is presented in Table 4. All disorders, with
the exception of inflammatory bowel disease, were
associated with risk of suicide attempt in unadjusted
models. The strength of these associations was attenu-
ated somewhat after adjusting for co-morbidity and
mental and physical disorders; however, suicide at-
tempt remained positively correlated with COPD,
hypertension and diabetes. Sex interactions were

observed with both asthma and cancer (p<0.01 and
p<0.05 respectively). Men with asthma had a lower
likelihood of suicide attempt than men without asthma.
Multiple sclerosis was the only disorder that showed an
interaction effect with rising income levels (p <0.05).
There were no significant differences when comparing
people with and without multiple sclerosis within
each income tertile (results not shown). Age interaction
analyses were non-significant for all disorders.

Table 5 displays the risk of suicide attempt across
different time intervals since initial ascertainment of di-
agnosis in the registry files. Hypertension and COPD
were associated with an increased risk of suicide
attempt within the 91-364-day period of first diag-
nosis, and for both disorders this risk decreased to
non-significance among people who had more than
1 year of illness. Diabetes was associated with



Table 2. Risk of suicide associated with physical disorders

Rates of disorder within each group (%)

Sex interactions for model 2

Model 1 Unadjusted Model 2
Physical disorder Suicide (n=2100) Controls (n=6300) OR (95% CI) AOR (95% CI) Men, AOR (95% CI) Women, AOR (95% CI) p value®
Asthma 19.9 14.5 1.50 (1.32-1.71)*** 1.03 (0.88-1.22) 0.91 (0.74-1.11) 1.41 (1.06-1.86)* <0.05
COPD 3.1 1.6 2.06 (1.48-2.86)*** 1.46 (0.98-2.18) 1.12 (0.70-1.79) 4.75 (1.84-12.22)** <0.01
Ischemic heart disease 5.0 53 0.92 (0.72-1.17) 0.77 (0.57-1.01) 0.64 (0.46-0.90)** 1.67 (0.90-3.10) <0.01
Hypertension 16.9 16.4 1.05 (0.90-1.22) 0.86 (0.71-1.04) NP
Diabetes 7.0 5.8 1.22 (0.99-1.50) 1.19 (0.93-1.51) N.S.
Cancer 4.6 3.2 1.51 (1.16-1.97)*** 1.40 (1.03-1.91)* N.S.
Multiple sclerosis 0.52 0.21 2.54 (1.14-5.67)* 1.97 (0.75-5.13) N.S.
Inflammatory bowel disease 0.43 0.32 1.36 (0.61-3.02) 0.76 (0.28-2.10) N.S.

COPD, Chronic obstructive pulmonary disease; OR, odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
Model 2 adjusted for Aggregated Diagnosis Group (ADG) count, depression, anxiety disorders, substance abuse or dependence, schizophrenia, dementia, other psychosocial disor-
ders, and all physical disorders simultaneously.
Age (<50 years v. >50 years) and community-level income (bottom, middle, highest tertiles) interactions were not significant for all disorders.

p value for interaction term.

b\.s., Interaction term non-significant.
*p<0.05, *p<0.01, **p<0.001.
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Table 3. Risk of suicide by physical disorders according to time since diagnosis

AOR (95% CI)

Physical disorder 1-90 days 91-364 days > 365 days
Asthma 0.89 (0.42-1.86) 1.32 (0.88-1.98) 1.03 (0.87-1.22)
COPD 1.57 (0.57-4.30) 1.42 (0.93-2.15) 1.24 (0.93-1.64)
Ischemic heart disease -1 0.23 (0.05-1.03) 0.79 (0.59-1.05)
Hypertension 2.24 (1.18-4.26)* 0.79 (0.66-0.95)* 0.79 (0.67-0.94)**
Diabetes 1.02 (0.34-3.05) 1.27 (0.65-2.51) 1.08 (0.83-1.40)
Cancer 4.10 (1.71-9.82)** 2.22 (1.14-4.33)* 1.00 (0.70-1.43)

Multiple sclerosis =

- 3.38 (1.09-10.50)*

COPD, Chronic obstructive pulmonary disease; AOR, adjusted odds ratio; CI, confidence interval.
AOR compares suicide cohort to controls on likelihood of diagnosis within time frame prior to index date.
Time analyses were not possible for inflammatory bowel disease as all diagnoses were made more than 365 days prior to

suicide.
#Suppressed due to low cell size.
*p<0.05, *p<0.01, **p<0.001.

increased risk of suicide attempt beyond the first year
of diagnosis but not within the first year.

Discussion

This study is the first to examine the risk of both
suicide and suicide attempts associated with a broad
range of diagnosed physical disorders in a population-
based sample. By minimizing sample bias, using
physician-based diagnoses, balancing score matching
and adjusting for a comprehensive list of confounding
mental disorders, this study addressed many limita-
tions of previous work. The main findings are that,
although several physical disorders predisposed to
suicide attempts, cancer is the only examined illness
that increased the risk of dying by suicide for both
men and women, once the effects of mental disorders
and co-morbidity were taken into accounted. Further-
more, that risk seems to be related to the date of
first diagnosis; newly diagnosed persons are at signifi-
cantly increased risk for the first 3 months, but after
the first year of living with cancer the risk is no
greater than in matched healthy controls. These
results have important implications for clinical work
that spans medical disciplines, suggesting that physi-
cians in primary care, oncology and other specialties
should consider the risk of self-harm among their
patients. It also emphasizes the necessity of collabora-
tive care between psychiatrists and other treatment
providers working outside the boundaries of mental
health.

These findings corroborate several studies that have
demonstrated an elevated risk of suicide following
cancer diagnosis (Misono et al. 2008; Fall et al. 2009;

Robinson et al. 2009; Turaga et al. 2011; Fang et al.
2012). The finding of a particularly increased risk im-
mediately following first ascertainment of diagnosis
is also consistent with these studies, many of which
showed that the risk of suicide was higher within the
first year. Our results show that people who died by
suicide were more than four times more likely to
have received a new cancer diagnosis within 3 months
of their death, compared to living controls. This is an
especially concerning finding with direct clinical
implications regarding support efforts in the newly
diagnosed. Our findings also reveal that respiratory
illness carries a risk of suicide in women, but not
men. The study by Webb et al. (2012) also showed
that women with COPD were at higher risk for suicide.
In general, men die by suicide at a rate 2—4 times that of
women (Hawton & van Heeringen, 2009), and there-
fore these findings are unusual. The mechanism of
these sex-specific differences within certain disorders
is unknown but, if consistently replicated, could lead
to clinical approaches that are more sex informed.
Multiple sclerosis showed positive, albeit non-
significant, correlations with suicide. Multiple sclerosis
has been linked with suicide in other studies
(Fredrikson et al. 2003; Bronnum-Hansen et al. 2005);
further studies should examine this association in
larger populations, ideally adjusting for the effects of
interferon therapy, which has been linked to suicidal
behavior in multiple sclerosis (Fragoso et al. 2010).
Of note, although these previous studies found a
higher risk of suicide within the first year of diagnosis
(Fredrikson et al. 2003; Bronnum-Hansen, 2005), our
findings suggest that risk is observed after the first
year of living with the disorder.



Table 4. Risk of suicide attempts associated with physical disorders

Rates of disorder within each
group (%)

Sex interactions for model 2

Suicide attempts Controls Model 1 Model 2 Men, Women,
Physical disorder (n=8641) (n=25923) Unadjusted OR (95% CI) AOR (95% CI) AOR (95% CI) AOR (95% CI) p value®
Asthma 21.9 16.2 1.73 (1.62-1.84)*** 0.84 (0.75-0.93)*** 0.67 (0.56-0.82)*** 0.91 (0.81-1.03) <0.01
COPD 1.7 0.60 3.13 (2.47-3.97)*** 1.73 (1.16-2.58)** N.s.P
Ischemic heart disease 35 1.8 2.33 (1.98-2.75)*** 1.28 (0.98-1.66) N.S.
Hypertension 12.6 9.3 1.90 (1.74-2.08)*** 1.20 (1.04-1.40)* N.S.
Diabetes 6.5 34 2.13 (1.90-2.39)*** 1.67 (1.37-2.02)*** N.S.
Cancer 22 1.7 1.34 (1.12-1.60)** 1.02 (0.76-1.35) 1.48 (0.94-2.33) 0.81 (0.56-1.16) <0.05
Multiple sclerosis 0.49 0.22 2.19 (1.47-3.26)*** 0.91 (0.48-1.70) N.S.
Inflammatory bowel disease 0.32 0.30 1.08 (0.70-1.66) 0.56 (0.27-1.15) N.S.

COPD, Chronic obstructive pulmonary disease; OR, odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
Model 2 adjusted for ADG count, depression, anxiety disorders, substance abuse or dependence, schizophrenia, dementia, other psychosocial disorders, and all physical disorders

simultaneously.

Age (<50 years v. >50 years) interactions were not significant for all disorders. Income (bottom, middle, highest tertiles) interactions were significant only for multiple sclerosis

(p<0.05; results not shown).

? p value for interaction term.

b N.S., Interaction term non—signiﬁcant.

*p<0.05, *p <0.01, **p <0.001.
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Table 5. Risk of suicide attempt by physical disorders according to time since diagnosis

AOR (95% CI)

Physical disorder 1-90 days 91-364 days > 365 days
Asthma 0.92 (0.60-1.40) 0.91 (0.70-1.19) 0.85 (0.76-0.95)**
COorD 1.54 (0.46-5.18) 1.51 (1.01-2.28)* 0.94 (0.72-1.23)
Ischemic heart disease 2.69 (0.57-12.70) 2.30 (0.92-5.73) 1.26 (0.96-1.66)
Hypertension 0.98 (0.57-1.70) 1.22 (1.05-1.42)* 0.93 (0.81-1.07)
Diabetes 1.37 (0.64-2.92) 1.52 (0.92-2.51) 1.64 (1.33-2.02)***
Cancer 1.23 (0.38-3.94) 0.92 (0.45-1.88) 0.99 (0.71-1.37)

Multiple sclerosis =

1.67 (0.29-9.81) 0.70 (0.34-1.44)

COPD, Chronic obstructive pulmonary disease; AOR, adjusted odds ratio; CI, confidence interval.
AOR compares suicide attempt cohort to controls on likelihood of diagnosis within time frame prior to index date.
Time analyses were not possible for inflammatory bowel disease as all diagnoses were made more than 365 days prior to

suicide attempt.
#Suppressed due to low cell size.
*p<0.05, *p<0.01, **p<0.001.

Several examined physical disorders were associated
with suicide attempts, even after adjusting for co-
morbidity and mental disorders. This was different
from the results where suicide was the outcome, yet
was not unexpected, given previous research showing
that people who attempt and people who complete
suicide have some shared characteristics but also
different patterns of co-morbidity (Beautrais, 2001).
Previous reports have shown asthma and other lung
disease to be linked with suicide attempts (Goodwin
et al. 2003, 2012; Goodwin & Eaton, 2005; MacLean
et al. 2011). Our results showed COPD, but not asthma,
to be associated with suicide attempts. We also found
hypertension to be correlated with suicide attempts.
We are aware of only one other study that has docu-
mented this association, in an epidemiological sample
where physicians generated diagnoses at the time of
survey (MacLean et al. 2011). Given the high preva-
lence of hypertension in the population, further study
of this potential relationship is warranted because
even a modest effect could contribute to a significant
number of suicide attempts at the population level.
Diabetes was associated with an elevated risk of
suicide attempts, and in time analyses this risk was
sustained beyond 1 year after diagnosis. The literature
on risk of suicidal behavior among people with dia-
betes is mixed and seems to be influenced by the
type of diabetes, sex and age (Radobuljac et al. 2009;
Batty et al. 2012).

There are important limitations that should be con-
sidered when interpreting these results. This study re-
lied on administrative data for all measures and is
therefore subject to the limitations inherent in claims
data. Race/ethnicity was not available in the dataset;

future investigations that incorporated this variable
in the balancing score would be useful. Suicide can
be misclassified in mortality records (Kapusta et al.
2011), and coding of suicide attempts has been
shown to have low sensitivity in administrative data
(Kim et al. 2012). Income is imputed based on neigh-
borhood and therefore is not a direct measure.
Physical and mental disorder diagnoses are dependent
on treatment seeking, and are therefore probably an
under-representation of the true population prevalence
given discrepancies in the rates of need for treatment
and health service utilization observed in survey data
(Sareen et al. 2005). However, this also highlights a
strength of the current study, specifically the use of
balancing score to improve matching of cases and
controls. A further limitation is that administrative
definitions may not capture disorders accurately even
among the population presenting for treatment.
Nevertheless, this study used established disorder
definitions that have been shown to be reliable and
valid, and have been used in previous studies
(Fransoo et al. 2009). It is important to recognize that
the terms ‘newly diagnosed” and ‘first diagnosis’
used in this study represent the first time that diag-
nosis was ascertained in the health registries; these
physical disorders are chronic conditions and it is en-
tirely possible that they existed prior to the study per-
iod. Although this study attempted to reduce bias in
many ways, it is important to caution any causative
link between physical disorders and suicidal behavior.
For example, it could be complications of diabetes
(rather than the disorder itself) that account for the
increased risk of suicide attempt, especially because
the risk is observed only after 1 year. Another



limitation is the low cell sizes in analyses stratified
by time since diagnosis. Future studies with greater
power could clarify the risk of suicidal behavior in
shorter time frames, such as the 4-week interval in
the study by Fang et al. (2012). Our study cannot com-
ment on the risk of suicide associated with specific
types of cancer, and further studies on this risk are
warranted. This study did not examine other physical
conditions that may be associated with suicide or sui-
cide attempts, and this should be a direction of future
work. Future research in this area should also examine
the timing of onset of physical and mental disorders to
further clarify their independent and combined causal
influence on suicidal behavior.

In conclusion, this study provides information on
the risk of suicide and future suicide attempt asso-
ciated with a comprehensive range of physical disor-
ders. Several examined disorders were associated
with suicide attempts even after adjusting for mental
disorder co-morbidity. The findings showing an
elevated risk among diabetes and hypertension were
particularly novel. An elevated risk of suicide was
observed among people with malignant cancer, es-
pecially within the first 90 days following initial diag-
nosis. Sex influences were also demonstrated, with
women having a significantly heightened risk of
suicide in asthma and COPD. This study has several
methodological strengths, including a large sample
size of individuals who died from suicide, the use of
population-based registries, physician diagnoses, the
absence of recall bias, adjustment for a diverse range
of mental disorder co-morbidity and, importantly, bal-
ancing score matching, thus addressing many of the
limitations of existing studies. These findings contrib-
ute to the clinical management of physical disease
by raising awareness of suicide among physicians
who may not routinely consider risk assessment.
They also improve our understanding of suicide risk
and contribute to public health efforts in suicide
prevention.
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For supplementary material accompanying this paper,
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