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Objective.Toexaminesuicide risk inrelationtophysical
illness across a broad range of illnesses, including
hospitalization history, specific organ or system ill-
nessandcomorbidity.

Design.Anestedcase–control study.

Setting. Data were retrieved from five Danish national
registers.

Subjects. On the basis of the entire population of Den-
mark, this study included 27 262 suicide cases, and
468 007 live controls matched for sex and date of
birth.

Main outcome measures. Risk of suicide was assessed
usingconditional logistic regression.

Results. In thestudypopulation,63.5%ofsuicidecases
and 44.5% of comparison controls had a history of

hospitalization for physical illness. A physical illness
significantly increased the risk of subsequent suicide
(incidence rate ratios 2.13, 95% CI 2.07–2.18) with a
substantially greater effect in women than in men
(P < 0.01). The elevated risk increased progressively
with frequency and recency of hospitalization and
was significant for diseases occurring in all organs or
systems of the body. Comorbidity involving several
organs or systems increased the risk substantially.
The associated estimates were to some extent
reduced but remainedhighly significant after adjust-
ment for psychiatric history and socio-economic sta-
tus. Taking into account both prevalence and
adjusted effect size, physical illness accounted for
24.4%, 21.0% and 32.3% of population attributable
risk for suicide in total,male and female populations,
respectively.

Conclusions. Physical illness constitutes a significant
risk factor for suicide independent of psychiatric and
socio-economic factors. Clinicians treating physi-
cally ill patients should be aware of the risk, espe-
cially amongst those with multiple or recent
hospitalizations,ormultiplecomorbidities.

Keywords: epidemiology, nested case–control design,
physical illness,populationstudy, suicide risk.

Introduction

It is well known that people with physical illness are
at increased risk of suicide, but the strength of the
effect and the differences across a broad range of
diagnoses are poorly understood. In general, studies
have been conducted to examine whether suicide is
associated with a single specific physical illness or
generally ill condition. For instance, previous epide-
miological studies have indicated an increased
suicide risk associated with cancer [1], diabetes [2],
epilepsy [3], multiple sclerosis [4, 5], stroke [6],

myocardial infarction [7] and allergy [8]. Rarely has
any large population been systematically examined
for suicide risk across a range of physical conditions
simultaneously, to explore the effect of level of
comorbidity and to assess the association whilst
taking into account personal socio-economic status
andpsychiatric history. Amajor reason for this could
be the difficulty of obtaining the necessary data. In
this large population study, using data from Danish
national registers, we have investigated the risk of
suicide in relation to physical illness, examining the
effects of frequency and recency of hospitalization,
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diagnosis according to the categories of the Interna-
tional Classification of Diseases (ICD) and number of
comorbidconditions.

Material andmethods

Setting

We conducted this study in Denmark (population
5.4 million), where hospital treatment is provided
freeof charge toall residents. Individual-leveldata for
the entire population were retrieved from several
national longitudinal registries andmergedusing the
unique personal identifier (CPR number) given to all
Danesby theCivil RegistrationSystematbirthand to
newresidentsuponimmigration [9].

The Cause-of-Death Register [10] contains informa-
tion on cause and date of all deaths that have
occurred in Denmark since 1969. The Danish
National Hospital Register [11] contains individual-
level data on diagnoses and dates of contact with all
nonpsychiatric hospitals in Denmark since 1978.
The Danish Psychiatric Central Register [12], cover-
ing all psychiatric facilities in Denmark, maintains a
cumulative record of all hospital admissions and dis-
charges since 1969. Data on outpatient contact (vis-
its to emergency departments, hospital outpatient
clinics and ambulance calls) have been included in
both general and psychiatric hospital registers from
1995. Diagnoses of illness and causes of death were
codedaccording to the ICD,8threvision (ICD-8),until
the end of 1993 and the 10th revision (ICD-10) there-
after. The ICD 9th revision has never been used in
Denmark.

The IDA Database (Danish acronym for ‘the Inte-
grated Database for Labour Market Research’) [13]
records annual information on labour market condi-
tions (employment status, type of occupation, job
function, employer) and sociodemographic status for
all Danish residents. Individual socio-economic data
foragivencalendaryeararecompleteonly for individ-
uals living inDenmarkon31Decemberof thatyear.

Study design and participants

We utilized a nested case–control design to select
study participants from the national population of
Denmark. The Cause-of-Death Register [10] allowed
us to identify all suicides (n = 27 380; ICD-8 codes
E950–959 and ICD-10X60–84) that occurred during
the period 1981–2006. In line with previous studies
of suicide in Denmark [8, 14], we included as study
cases only individuals for whom the cause of death

was a definite suicide. We excluded individuals
(n = 118) who were not residing in Denmark on 31
December in the preceding year because of the
incompleteness of their socio-economic data in the
IDAdatabase.Using incidencedensity sampling [15],
we randomly selected up to 20 live controls per sui-
cide case, matched by sex and date of birth, from a
25% representative sample of the national popula-
tion in theCivil RegistrationSystem [9]. The rationale
for sampling 20 controls per case was to enable the
examination of uncommon exposures with reason-
able statistical precision. In total, 27 262 suicide
cases, representing 99.6% of all national suicides
during the studyperiod, and468 007 live population
controlswere included inthestudy.

Study variables and covariates

We assessed personal history of physical illness
through patient records in the Danish National
Hospital Register [11]. For each study subject, we
retrieved the recordsof inpatient treatment for physi-
cal illness prior to the date of suicide or thematching
date forcontrolsandclassified thediagnosisof illness
by areas of organ or system of the body according to
categories of the ICD-10 (chapter headings). We
excluded the following conditions from our definition
of a physical illness: mental and behavioural disor-
ders (Chapter V), pregnancy and childbirth (Chapter
XV), certain conditions of the prenatal period (Chap-
ter XVI) and external causes (chapters XIX and XX,
covering all accidental or intentional poisonings and
injuries). Details regarding diagnostic codes in
ICD-10 and conversion from ICD-8 to ICD-10 codes
are provided in the Appendix. We also constructed a
fewvariables of interest including the total number of
hospitalizations, time elapsed from the most recent
hospitalization and number of comorbid physical
illnesses.

At the same time, we obtained personal data on
psychiatric history, including both inpatient and
outpatient care, from the Danish Psychiatric Central
Register [12]. We also extracted individual data on
socio-economicstatus, that is,maritalstatus,annual
gross income, place of residence and citizenship,
from the IDAdatabase [13]. Thesedatawere included
foradjustmentpurposes in theanalyses [14].

Statistical analysis

We constructed contingency tables for the main
study variables and computed the associated risk of
suicide using conditional logistic regression with
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the PhReg procedure available in SAS version 9 [16]
with each case forming a separate stratum. Because
the controls were sampled from individuals at risk
of suicide (i.e. incidence density sampling), the
estimated odds ratios (ORs) from the analyses were
unbiased estimates of incidence rate ratios (IRRs)
[17]. We estimated IRRs from crude analyses and
from adjusted models controlling for effects of
psychiatric history and socio-economic factors. For
estimates associated with a specific organ or system
illness, we used a generic reference group, that is,
individuals without hospitalization for any of the
physical illnesses included in the study, and
adjusted the estimates for the effect of any illness
other than the specified one.

TheWald test was used to determine the significance
of estimates relative to the reference group and to
examine the overall effect difference across the range
oforganorsystemillnesses. Interactionsbetweensex
and overall physical illness and between sex and
specific organ or system illness were additionally
examined through the likelihood ratio test. Test for
trend associated with the number of comorbid ill-
nesseswasperformedby treatingnumber of physical
illnessesasacontinuousvariable (0–6corresponding
tosevencategories; seeTable 2). Populationattribut-
able risk (PAR) associated with physical illness was
calculated based on the adjusted IRRs estimated
from the conditional logistic regression analyses and
the prevalence in suicide cases of the physical
illnesses considered in the study [18]. All P values
were twosided.

Ethical approval

We obtained approval to conduct the study from the
DanishDataProtectionAgency.

Results

The study included a total of 27 262 suicide cases
and 468 007 live population controls, comprising
18 099 male and 9163 female suicide cases and
307 729 male and 160 278 female control subjects.
In the study population, 63.5% of suicide cases and
44.5% of comparison controls had a history of hos-
pitalization because of physical illness (Table 1). For
both suicide cases and controls, physical illness was
generally more common in women (70.8% of cases;
50.0% of controls) than men (59.7% of cases; 41.6%
of controls). A psychiatric history was more common
in individuals with physical illness compared with
those without: 47.2% of physically ill suicide cases,

40.8% of physically healthy suicide cases, 7.7% of
physically ill controls and 3.6% of healthy controls.

Frequency and recency of hospitalization for serious physical illness

Multiple hospitalizations for physical illness as well
as a recent hospitalization were more common
amongst suicide cases, relative to the control group
(Table 1). Of suicide cases with physical illness,
50.2% had been hospitalized three or more times,
and 39.8% had been hospitalized within the year
prior to suicide; the corresponding values for the
comparison controls were 35.3% and 19.4%,
respectively.

Using conditional logistic regression to analyse the
data,we foundthatahistoryofphysical illnesssignif-
icantly increased the risk of suicide (crude IRR 2.13,
95% CI 2.07–2.18) and that the effect was greater
amongst women than men (crude IRR 1.97, 95% CI
1.91–2.03 formen;crude IRR2.50,95%CI2.38–2.62
for women; test of sex differences: v2 = 64.64,
P < 0.001). We also noted a progressively increased
suicide risk associated with both the frequency of
previous hospitalizations and the recency of the last
hospitalization – the greater the number of hospital-
izations or the more recent the last hospitalization,
the higher the risk of suicide (Table 1). The observed
pattern persisted in the analyses stratified by sex
although the associated IRRs were generally higher
in women than that in men (data not shown). When
the data were adjusted for history of psychiatric ill-
ness, the associated IRRs were reduced to some
extent, especially inthepresenceofmultiplehospital-
izations forphysical illness.Still, the increase inasso-
ciated risks remained highly elevated. Further
adjustment for socio-economic status had minimal
effect on the risk estimates (adjusted IRR 1.62, 95%
CI 1.58–1.67 for total cases; adjusted IRR 1.54, 95%
CI1.49–1.60formen;adjusted IRR1.84,95%CI1.74
–1.94 for women; test of sex differences: v2 = 51.04,
P < 0.001).

Diagnosis by ICDmain categories and number of physical illnesses

When diagnoses of physical illness were grouped
according to ICD-10 categories (Chapter headings;
Table 2), a significantly higher prevalence of physical
illnesswas observed in suicide cases than in controls
across all organs or systems of the body. Digestive,
circulatory and genitourinary system diseases were
amongst the most common illnesses in both suicide
casesandcomparisoncontrols. It is interesting that a
substantial proportion of suicide cases (19.1%) had
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beenhospitalized at least oncebecauseof symptoms,
signs and abnormal clinical and laboratory findings
not included inothercategories.

With the group of individuals with no hospitaliza-
tion for any physical illness included in the study as
a reference, there was a significantly increased risk
of suicide associated with specific diseases in all
organs or systems of the body. The IRRs associated
with the different specific organ or system illnesses
varied significantly in magnitude (P < 0.001 in both
crude and adjusted analyses), from 2.07 to 3.83 in
the crude analysis and from 1.56 to 2.04 in the
analysis adjusted for psychiatric history and socio-
economic status (Table 2). The highest IRRs were

associated with nervous system diseases and the
group of unspecified symptoms, signs and abnor-
mal clinical and laboratory findings; the remaining
groups of diseases had a comparable effect on sui-
cide risk.

Although analyses stratified by sex showed
somewhat similar patterns (Fig. 1), the effects of
some organ or system illnesses differed significantly
between men and women. Combining the results
from adjusted IRRs and the test for sex interaction
showed that infectious and parasitic diseases
(Chapter I), nervous system diseases (Chapter VI),
respiratory system diseases (Chapter X), digestive
system diseases (Chapter XI), skin diseases

Table 1 Distributionand incidencerate ratio (IRR)of suicideassociatedwith frequencyandrecencyofhospitalization forphysical
illness

Physical Illness

Suicidecases

Matched

controls Suiciderisk,crudea
Suiciderisk,

adjusted Ib
Suicide risk,

adjusted IIc

n % n % IRR 95%CI IRR 95%CI IRR 95%CI

Historyofhospitalization

No 9962 36.54 259 804 55.51 1 1 1 1

Yes 17 300 63.46 208 203 44.49 2.13 2.07–2.18 1.65 1.60–1.69 1.62 1.58–1.67

Frequencyofhospitalization

0 9962 36.54 259 804 55.51 1 1 1

1–2 8619 31.62 134 640 28.77 1.71 1.66–1.77 1.44 1.40–1.49 1.44 1.39–1.48

3–5 4718 17.31 48 970 10.46 2.57 2.47–2.67 1.82 1.75–1.90 1.79 1.72–1.87

6–10 2581 9.47 17 580 3.76 3.87 3.68–4.06 2.36 2.23–2.49 2.27 2.15–2.40

11–20 1075 3.94 5735 1.23 5.05 4.70–5.43 2.62 2.42–2.84 2.47 2.28–2.68

>20 307 1.13 1278 0.27 6.56 5.76–7.46 2.74 2.37–3.18 2.53 2.18–2.94

Timesince lasthospitalization

Nohistoryof

hospitalization

9962 36.54 259 804 55.51 1 1 1

Inpatientor the

dayofdischarge

1036 3.80 1920 0.41 13.41 12.37–14.53 10.57 9.63–11.60 10.14 9.24–11.13

1–7 days 511 1.87 1142 0.24 10.65 9.54–11.88 9.01 7.95–10.20 8.68 7.66–9.83

8–30 days 895 3.28 3429 0.73 6.27 5.80–6.78 4.70 4.30–5.14 4.59 4.20–5.02

1–3 months 1354 4.97 7720 1.65 4.31 4.05–4.59 3.07 2.86–3.30 3.02 2.81–3.24

3–6 months 1323 4.85 9811 2.10 3.34 3.14–3.56 2.33 2.18–2.50 2.29 2.14–2.46

6–12 months 1773 6.50 16 329 3.49 2.71 2.57–2.86 1.92 1.81–2.04 1.87 1.77–1.99

1–3 years 3911 14.35 47 817 10.22 2.07 1.99–2.15 1.53 1.47–1.60 1.50 1.44–1.57

3–5 years 2036 7.47 33 574 7.17 1.55 1.48–1.63 1.21 1.15–1.28 1.19 1.13–1.26

>5 years 4461 16.36 86 461 18.47 1.37 1.32–1.42 1.14 1.09–1.19 1.13 1.09–1.18

aCrudemodel IRRswereadjusted forsexandage (throughmatching).
bModel I IRRswere furtheradjusted forpsychiatrichistory.
cModel II IRRswereadditionallyadjusted formarital status, income,citizenshipandplaceof residence.
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(Chapter XII), musculoskeletal system diseases
(Chapter XIII), congenital malformations (Chapter
XVII) and unspecified symptoms, signs and abnor-
mal clinical and laboratory findings (Chapter XVII)
increased suicide risk significantly more in women
than in men, whereas neoplasms (Chapter II) had a
significantly greater effect on suicide in men. The
increased suicide risk for the other diagnostic cate-
gories was comparable for both sexes.

Comorbid illnesses involving multiple organs or
systems were more common in suicide cases than in
controls (Table 3). Overall, 35.5% of suicide cases,
but only 18.4% of controls, had been hospitalized for
diseasesoccurring inmore thanoneorganor system.
The associated suicide risk increased progressively
with the number of comorbid organ or system

diseases, and the test of trend was highly significant
(analogous IRR1.44, 95%CI1.42–1.45;P < 0.0001).
The highly elevated risks associated with multiple
comorbidities were largely reduced when the data
were adjusted for psychiatric and socio-economic
status. Still, the progressive increase in suicide risk
associated with multiple comorbidities remained
prominent for both sexes together (analogous IRR for
trend test 1.23, 95% CI 1.21–1.24; P < 0.0001)
(Table 3) as well as for men and women separately
(datanot shown).

Population attributable risk

Toassess theproportionof suicides in thepopulation
that is attributable to exposure to the physical ill-
nesses considered in this study, we computed the

Table 2 Distributionand incident rate ratio (IRR)of suicideassociatedwithdiagnosticgroupsaccording to ICD-10category

ICD-10chapter

Diagnostic category:

chapterheading

Suicidecases

Matched

controls

Suicideriska,b,

crudec
Suicideriska,b,

adjustedd

n % n % IRR 95%CI IRR 95%CI

I Infectiousandparasitic

diseases

1276 4.68 12 060 2.58 2.81 2.64–2.99 1.76 1.64–1.88

II Neoplasms 2778 10.19 30 062 6.42 2.36 2.25–2.47 1.92 1.83–2.02

III Bloodand immunemechanism

disorders

319 1.17 2653 0.57 2.82 2.50–3.19 1.92 1.68–2.20

IV Endocrine,nutritionaland

metabolicdiseases

1109 4.07 11 693 2.50 2.43 2.28–2.60 1.61 1.50–1.73

VI Nervoussystemdiseases 1632 5.99 11 287 2.41 3.83 3.62–4.05 2.02 1.89–2.15

VII,VIII Sensoryorgandiseases 1136 4.17 12 035 2.57 2.15 2.01–2.30 1.59 1.48–1.71

IX Circulatorysystemdiseases 4545 16.67 45 323 9.68 2.36 2.27–2.46 1.72 1.65–1.80

X Respiratorysystemdiseases 3073 11.27 28 590 6.11 2.76 2.64–2.88 1.90 1.81–1.99

XI Digestivesystemdiseases 5735 21.04 56 059 11.98 2.57 2.48–2.66 1.73 1.66–1.80

XII Skindiseases 1180 4.33 11 041 2.36 2.88 2.70–3.07 1.74 1.62–1.86

XIII Musculoskeletal systemdiseases 3416 12.53 35 621 7.61 2.48 2.38–2.59 1.82 1.73–1.90

XIV Genitourinarysystemdiseases 4400 16.14 49 301 10.53 2.28 2.20–2.38 1.71 1.64–1.79

XVII Congenitalmalformations 411 1.51 5606 1.20 2.07 1.87–2.29 1.56 1.39–1.74

XVIII Unspecifiedsymptoms,signs,and

abnormal clinicaland laboratory

findings

5197 19.06 38 603 8.25 3.51 3.39–3.65 2.04 1.96–2.13

aThe group of individuals with no record of hospitalization for any physical illness was used as the generic reference group for
theestimateassociatedwitheachspecific typeof illness.
bTest of differences in overall effect size across diagnostic groups: v2 = 640.21, df = 13, P < 0.001 for the crude estimates;
v2 = 130.09,df = 13,P < 0.001 for theadjustedestimates.
cCrude IRRs were adjusted for sex and age (through matching) and the presence of a physical illness other than the specified
one.
dIRRswere furtheradjusted forpsychiatrichistory,marital status, income,citizenshipandplaceof residence.
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PAR – a measurement that takes into account both
the prevalence of physical illness in the population
and the magnitude of its effect on suicide risk
(Table 4). We estimated a PAR of 24.4% for the total
population, 21.0% for men and 32.3% for women,
includingacontributionbecauseofa recenthospital-
ization for physical illness within 30 days of
7.7%, 7.2% and 8.6%, respectively. Illness catego-
ries with a high PAR included the group of

unspecified symptoms, signs and abnormal clinical
and laboratory findings, as well as digestive, circula-
toryandgenitourinarysystemdiseases.

Discussion

The findings of this large study in the entire popula-
tion of Denmark show that hospitalization for a
physical illness significantly increases the risk of

Fig. 1 Incidence rate ratio (IRR) of suicideassociatedwithdiagnostic groupsby ICD-10 chapter headings: stratifiedanalyses for
menandwomenseparately.Thegroupof individualswithnorecordofhospitalization foranyphysical illnesswasusedasthe ref-
erence group for the estimate associated with each specific type of illness. Crude IRRs were adjusted for sex and age (through
matching) and the presence of a physical illness other than the specifiedone; adjusted IRRswere further adjusted for psychiatric
history,maritalstatus, income, citizenshipandplaceof residence.Test of sexdifferences:P < 0.01for infectiousandparasiticdis-
eases (Chapter I), neoplasms (Chapter II), nervous systemdiseases (Chapter VI), respiratory systemdiseases (Chapter X), diges-
tive system diseases (Chapter XI), skin and subcutaneous diseases (Chapter XII), musculoskeletal system diseases (Chapter
XIII), congenital malformations (Chapter XVII) and unspecified symptoms, signs and abnormal clinical and laboratory findings
(ChapterXVII).

Table 3 Distributionand incident rate ratio (IRR)associatedwithcomorbidityofphysical illnessesaccording tonumberof ICD-10
categories

Numberofphysical

illnesses

Suicidecases Matchedcontrols Suicide risk, crudea
Suiciderisk,

adjustedb

n % n % IRR 95%CI IRR 95%CI

0 9962 36.54 259 804 55.51 1 1

1 7618 27.94 121 990 26.07 1.67 1.62–1.73 1.42 1.37–1.47

2 4703 17.25 52 203 11.15 2.43 2.34–2.52 1.76 1.69–1.83

3 2579 9.46 20 740 4.43 3.35 3.20–3.52 2.07 1.97–2.19

4 1300 4.77 8231 1.76 4.24 3.98–4.53 2.21 2.06–2.38

5 638 2.34 3258 0.70 5.30 4.84–5.80 2.35 2.12–2.61

>5 462 1.70 1781 0.38 7.07 6.34–7.89 2.71 2.40–3.07

Testof trendc 1.44 1.42–1.45 1.23 1.21–1.24

aCrude IRRs were adjusted for sex and age (through matching); bIRRs were further adjusted for psychiatric history, marital
status, income,citizenshipandplaceof residence.
cTest for trendwasperformedbyincludingnumberofphysical illnessesasacontinuousvariable, that is, from0to6correspond-
ing to thesevencategories.
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subsequent suicide, with a substantially greater
effect in women than men. The elevated risk
increased progressively with the frequency and
recency of hospitalization and was significant for all
diagnostic groups of disease in any organ or system
defined by ICD-10 categories. Comorbidity involving
several organs or systems greatly increased suicide
risk. At the same time, the observed effect of physical
illness was somewhat reduced after adjustment for
history of psychiatric illness, which was especially
apparent for the estimated risks associated with
multiplehospitalizationsandmultiplecomorbidities.
Nevertheless, the elevated risks remained highly
significant after adjusting for psychiatric history and
socio-economic status. Moreover, hospitalization for
physical illness accounted for 24.4% of the PAR for
suicide in the general population, with a higher
attributable fraction for female (32.3%) than formale
(21.0%)suicide.

These robust findings support a strong link between
physical illness and risk of subsequent suicide in the
general population. There have been a number of
reports of an increased suicide risk associated with
several severe diseases, including amongst others
cancer and diabetes [1–8]. The findings of this study
extend the existing evidence by demonstrating that a
disease of any organ or physical system significantly

increases the risk of subsequent suicide, regardless
of sex and after controlling for individual psychiatric
historyandsocio-economicstatus.

A serious physical illness is often accompanied by
pain, disability, limited social activity and worry
about prognosis and financial loss and can lead to
many problems with respect to physical, psychologi-
cal and social well-being. Although we were not able
to assess the severity of specific diagnoses, the
observed progressive increase in suicide risk associ-
ated with frequency of hospitalization and multiple
comorbidities indicates that the severity of physical
illness plays an important role in the risk of
subsequent suicide. The observed effects of these
factors were apparently reduced after adjustment for
psychiatric history [19]. Still, being physically
severely ill, as evidenced by either multiple hospital-
izations or the involvement of several organs or
systems, confers a strong risk of subsequent suicide.
Patientsmay choose to end their life to obtain release
from a long-term debilitating condition or to avoid
experiencing theprogressionofan illness.

Our finding that variation in effect size across ill-
nesses invariousorgansorsystems isrelativelysmall
differs somewhat from the findings of previous
studies of suicide in relation to single-disease entities

Table 4 Populationattributablerisk (PAR)ofsuicideassociatedwithphysical illness

ICD-10chapter Diagnostic category:chapterheadings Total Malecases Femalecases

I Infectiousandparasiticdiseases 2.0 1.8 2.6

II Neoplasms 4.9 3.9 7.2

III Bloodand immunemechanismdisorders 0.6 0.5 0.7

IV Endocrine,nutritionalandmetabolicdiseases 1.5 1.3 2.3

VI Nervoussystemdiseases 3.0 2.4 4.4

VII,VIII Sensoryorgandiseases 1.6 1.3 2.2

IX Circulatorysystemdiseases 7.0 6.8 7.6

X Respiratorysystemdiseases 5.3 4.8 6.4

XI Digestivesystemdiseases 8.9 7.9 11.0

XII Skindiseases 1.8 1.7 2.1

XIII Musculoskeletal systemdiseases 5.6 4.7 7.7

XIV Genitourinarysystemdiseases 6.7 4.4 11.9

XVII Congenitalmalformations 0.5 0.5 0.7

XVIII Unspecifiedsymptoms,signsandabnormal

clinicaland laboratoryfindings

9.7 7.5 14.5

Anyphysical illness included inthestudy 24.4 21.0 32.3

PAR was calculated based on the adjusted IRR using model II (see legend to Table 1) and the distribution of exposure in the
cases. PARs associated with specific diagnostic groups were estimated independently of each other and are not additive. All
valuesaregivenaspercentages.
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[1–8, 20, 21]. One methodological explanation could
be that diagnoses in this studywere broadly grouped
on thebasis of ICD-10categories, coveringadiversity
of illnesses that occur in both severe and less severe
formsorhavea strong orweak relation to suicide. For
instance, the group of nervous system diseases
includes both diagnostic entities such as multiple
sclerosis with a high risk of suicide [4, 5] and other
diagnoses such as Parkinson’s disease with a low
suicide risk [22]. Another possible explanation is that
the variation in risk reported from the previous stud-
ies of single-disease groups may be subject to differ-
ential selection and information biases. A key
strength of this register-based population study was
the ability to estimate relative risk across a broad
range of different physical illness types within the
samestudycohort comparedwith a generic reference
category (i.e. individuals without any of the physical
illnesses included in the study). This excluded the
possibility of differential types and levels of bias,
making comparison of risk between diagnostic
groupsmorestraightforward.

We observed that a psychiatric history was signifi-
cantly more common in suicide cases with physical
illness compared with those without (47.2% vs.
40.8%) and also that the elevated suicide risk associ-
ated with physical illness weakened to some extent
after adjustment for history of contact with psychiat-
ric services. These findings are consistent with previ-
ous reports of high comorbidity of psychiatric
illness, especially depression, in people with physi-
cal diseases [19, 23], and suggest that psychiatric
illness is an important confounding or mediating
factor in the link between physical illness and sui-
cide risk.

To our knowledge, this study is the first to demon-
strate a strong impact of the ICD-10 category of
unspecified symptoms, signs and abnormal clinical
and laboratory findings, in terms of both increased
IRR and contributed PAR of suicide. This is notewor-
thy and consistent with reports indicating that the
presence of unexplained somatic symptoms is asso-
ciated with psychiatric disorders such as major
depression and anxiety [24, 25] and that complaints
of illness or feeling unwell may provide clues to
patients’ desire for emotional support [26]. Although
ourestimateswerecontrolled for theeffectsofpsychi-
atric history and socio-economic status as well as of
specifieddiagnoses fromother ICDchapters, it is still
possible that complaints of unspecified symptoms
and signs may be linked to undiagnosed psychologi-
cal symptoms, stressorsomatization.

Our observation of a generally stronger effect of phys-
ical illness onsuicide risk inwomen than inmensug-
gests that women probably react more strongly to
poorhealth than theirmalecounterparts. Thisnotion
is also supportedbyprevious evidence that psychiat-
ric history has a significantly stronger impact on sui-
cide in women than in men [14]. At the same time,
some physical illnesses and their influences on sui-
cidemaybemore sex specific. For instance,we found
that illnesses inmostorgansorsystemshavea stron-
ger effect on increasing suicide risk inwomen than in
men, but neoplasms increased the risk significantly
more in men. Further investigation of detailed diag-
noses stratified by sex is needed for better under-
standingof this issue.

Relative to the intensive research and preventive
efforts focusingonsuicide inpatientswithpsychiatric
illness, subsequent suicide related to physical illness
has received little attention. This study is the first to
report that aroundaquarter of all suicides in the gen-
eralpopulation isattributable toexposure tophysical
illnesses that require hospital admission for treat-
ment, including a 7.6% contribution because of a
recent hospitalization for physical illness within
30 days.ThesePARestimatescouldbesubjecttorevi-
sionifmorefactorsthatmayunderlaythelinkbetween
physicalillnessandsubsequentsuicidearetakeninto
consideration. It does, however, indicate that suicide
inpatientswithphysicalillnessisclearlyanimportant
publichealthproblemandwarrantsmore investment
ofsocialresourcesandpreventionefforts.

Limitations and strengths

A limitation of this study is that we considered only
serious physical illnesses resulting in hospitaliza-
tion. This may provide a slightly skewed picture as
the influence of milder physical illnesses was not
ascertained andbecause some severemedical condi-
tions are treated in outpatient care. Similarly, we
usedpsychiatricservicecontactasaproxy forpsychi-
atric status. This underestimates the full extent of
psychiatricdisordersandreflectsmoreseriousdisor-
ders.Moreover,wewereonlyable to obtain individual
dataonseriousphysical illnessstarting in1978when
the Danish National Hospital Register was estab-
lished. Thus, our data cover a relatively long period,
but do not represent the lifetime of older subjects.
Additionally, we detected a strongmodification effect
of psychiatrichistory on the linkbetweenphysical ill-
nessandsuicide risk,butdidnot address specifically
the temporal relationship between physical illness
and comorbid psychiatric disorders in this study.
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Furthermore, we grouped the diagnosis of illness
based on areas of organ or system using the ICD-10
categories (chapter headings), which captures a
mixed effect of illnesses occurring in one organ or
body system but is not able to separate individual
effectsofspecificclinicaldiagnosesonriskofsuicide.

A major strength of this study is the coverage of the
entire population of Denmark and the availability of
precise data collected systematically without any
research purpose. This ensures the full representa-
tion of a national population andminimizes possible
biases that are often induced by recall of information
andselected access to healthcare. The results should
also be highly applicable to the general public, espe-
cially in countries or regions with comparable social
settings.

To our knowledge, this study is the first to document
suicide risk in relation to physical illness, encom-
passing hospitalization history, diagnosis and com-
orbidity and to assess the effect in the context of
personal psychiatric and socio-economic status. It is
also the first to evaluate the proportion of suicides in
the population that is attributable to exposure to the
physical illnesses included in the study. These find-
ings will be informative for making strategies to
reducesuicide in thegeneralpopulation.

Clinical implications

The results from this population study indicate the
need to integrate suicide prevention within hospital
treatment as well as within general medical practice
[27].Patientshospitalized forphysical illnessnotonly
form a well-defined population group at high risk of
suicide, but alsomaintain frequent contactwith their
general practitioner after hospital discharge. This
provides opportunities for both risk assessment and
prevention. According to our estimates, almost a
quarter of all suicides in the general populationcould
be avoided if prevention efforts were sufficiently
implemented in services and settings dealing with
people who are hospitalized because of physical ill-
ness. Although it is impossible to prevent all suicides
inphysically ill people, aconsiderablenumberof lives
could be saved. Clinicians treating people with
physical illness shouldbeaware of the risk of suicide,
especially amongst patients with multiple or recent
hospitalizationsorwithcomorbidphysical illnesses.

At the same time, our findings underscore the neces-
sity of further investigation.Whilst physical illness is
common, only a small proportion of physically ill

patients commit suicide. Therefore, we need to
explore more thoroughly the link between various
specific diagnoses of physical illness and subse-
quent suicide and to better understand the charac-
teristics, medical conditions and outlook amongst
individuals who are physically ill but do not commit
suicide.
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Appendix

ICD-10and ICD-8codes

ICD-10chapter Diagnostic category:chapterheadings ICD-10codes ICD-8codes

I Infectiousandparasiticdiseases A00–B99 001–136

II Neoplasms C00–D48 140–239

III Bloodand immunemechanismdisorders D50–D89 280–289

IV Endocrine,nutritionalandmetabolicdiseases E00–E90 240–279

Va Mentaldisorders F00–F99 290–315

VI Nervoussystemdiseases G00–G99 320–359

VII,VIII Sensoryorgandiseases H00–H95 360–389

IX Circulatorysystemdiseases I00–I99 390–458

X Respiratorysystemdiseases J00–J99 460–519

XI Digestivesystemdiseases K00–K93 520–577

XII Skinandsubcutaneous tissuediseases L00–L99 680–709

XIII Musculoskeletal systemdiseases M00–M99 710–738

XIV Genitourinarysystemdiseases N00–N99 580–629
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Appendix (Continued )

ICD-10chapter Diagnostic category:chapterheadings ICD-10codes ICD-8codes

XV,XVIa Pregnancy, childbirthandprenatal conditions O00–P99 630–678,760–779

XVII Congenitalmalformations Q00–Q96 740–759

XVIII Unspecifiedsymptoms,signsandabnormal

clinicaland laboratoryfindings

R00–R99 780–796

XIX,XXa External causes S00–T98,V01–Y98 800–999

Suicide X60–X84 E950–E959

aDiagnostic groups are not normally viewed as physical diseases and therefore were excluded from our definition of a physical
illness.
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