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Abstract
Objective—The current study aims to examine the risk of suicide in persons diagnosed with
dementia during a hospitalization and its relationship to mood disorders.

Design—Event-history analysis using time-varying covariates.

Setting—Population-based record linkage.

Participants—All individuals aged 50+ living in Denmark (N = 2,474,767) during January 1,
1990 through December 31, 2000.

Measurements—Outcome of interest is suicide. Relative risks are calculated based on person-
days spent in each stratum.

Results—A total of 18,648,875 person-years were observed during the 11-year study period.
During this period, 136 persons who previously had been diagnosed with dementia died by
suicide. Men and women aged 50–69 years with hospital presentations of dementia have a relative
suicide risk of 8.5 (95% confidence interval: 6.3–11.3) and 10.8 (95% confidence interval: 7.4–
15.7), respectively. Those who are aged 70 or older with dementia have a threefold higher risk
than persons with no dementia. The time shortly after diagnosis is associated with an elevated
suicide risk. The risk among persons with dementia remains significant when controlling for mood
disorders. As many as 26% of the men and 14% of the women who died by suicide died within the
first 3 months after being diagnosed whereas 38% of the men and 41% of the women died more
than 3 years after initial dementia diagnosis.

Conclusions—Dementia, determined during hospitalization, was associated with an elevated
risk of suicide for older adults. Preventive measures should focus on suicidal ideation after initial
diagnosis but also acknowledge that suicides can occur well after a dementia diagnosis has been
established.
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Dementia is related to a substantial health care burden.1 Worldwide, the prevalence rate of
dementia is estimated to be 0.6%–1.9% among persons aged 65–69 years and 10%–33%
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among those aged 85 years and older.2 Given the increasing proportion of older adults,3

dementia is bound to become a growing health care expenditure in future decades.4

Older adults also have high suicide frequencies and in many countries the highest suicide
rates are found among the oldest old.5 Thus far, the relationship between dementia and
suicide has been assessed through case reports and clinical studies. Although case reports
suggest that dementia might be associated with an increased risk of suicide,6–10 clinical
studies document lower risks among patients with dementia than other inpatients.8,11–14

Although attempted suicides are reported to be rare among inpatients with dementia,15,16 a
recent Chinese study found that more than 10% of demented inpatients had been admitted
after a suicide attempt.17 The prevalence rate of suicidal ideation is estimated to range
between 0.9% and 42%.12,18

Specific types of dementia, such as Huntington and Alzheimer diseases, are mentioned by
case reports as potential predictors for suicidal behavior.7,9,18–20 Furthermore, early stages
of dementia,6,10,20 intact awareness of disease and its course,6,8–10,21 and accessibility to
means6,8 might increase the risk of suicide.

Comorbid mental disorders, particularly mood disorders, are frequently listed as
contributing to suicide in dementia patients.6,9,10,19,22 Having dementia is found to increase
the probability of developing depression,23,24 Although depressive symptoms are found to
predict cognitive decline,25 there are diverging results on whether depression increases the
probability of developing dementia.24,26,27 Nevertheless, suicidal behavior in demented
persons might entirely be explained by the presence of depressive disorders.6,18 It yet
remains to be confirmed whether depressive disorders act as a mediator for suicide in
persons with dementia. As in the general population, chronic and other somatic diseases are
expected to be associated with an elevated risk of suicide among demented persons.5,28

Based on the existing knowledge, it is not possible to determine whether dementia is a
protective or risk predictor with regard to suicide. A lower risk of suicide among persons
with dementia is hypothesized to be due to: a) limited cognitive skills8,11,29 and b) restricted
saccess to means of suicide and possibility of planning a suicidal act through increased
surveillance.12,29

Specific features of the dementia disorder might increase the risk of suicide. Neurochemical
changes may occur in the brain as a result of the dementing process, such as alterations in
central serotonergic function, that are associated with impulsive aggression and suicidal
behavior.30–32 Behavioral and psychological symptoms of dementia, including depression,
might complicate the course of the disorder additionally. Insight into the disease and its
course might increase hopelessness,21 diminishing cognitive capacities might impair a
demented person's skills of problem solving, and social changes, such as forced retirement,
giving up driving and, particularly, becoming dependent on help from others (“becoming a
burden”), may further increase risk.33,34

A growing number of older adults implies higher absolute numbers of persons affected by
dementia and suicide. To improve preventive measures, the relationship needs to be
clarified. The current study aims to examine the association between persons diagnosed with
dementia and risk for suicide. Furthermore, the potential role of mood disorders as a
mediator will be analyzed.

Large populations are needed for generating sufficient statistical power to study relatively
rare events, such as dementia and suicide.10,12 Danish data registers cover each single
individual in the entire nation and provides an outstanding resource for analyzing the
association in a longitudinal setting.
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METHODS
Individual-level data on all persons aged 50 years and over living in Denmark during
January 1, 1990 through December 31, 2000 were included in the analysis. Comprehensive
data are captured prospectively by administrative registers and can be linked for each
individual using the unique personal identification number. Following registers were linked
by Statistics Denmark: The Centralized Civil Registry, The Registry of Causes of Death,
The National Registry of Patients (covering somatic hospitalizations), and The Danish
Psychiatric Central Registry (covering psychiatric hospitalizations). The project was
approved by the Danish Data Protection Agency and the University of Rochester's Research
Subjects Review Board. Given the nature of the data, an informed consent from subjects was
not required.

Classification Codes
Dementia, suicide, as well as stratifying variables on mood disorders and chronic
comorbidity were all recorded according to the International Classification of Diseases and
Related Health Problems (ICD). Until 1994, the 8th revision of ICD was applied; thereafter
the 10th was implemented.35,36 The 9th revision of the ICD was never applied in Demark.

Persons who received a main or subdiagnosis of dementia during a fulltime admission to
psychiatric or somatic hospital (ICD-8: 290, 293.0, 293.1, 293.4, 293.9, 294.9, 309.6;
ICD-10: F00–F04, F06–F09, G30) were considered as having dementia. Historic data on
somatic (since 1985) and psychiatric hospitalizations (since 1972) were included to obtain as
complete records of past disorders as possible. Furthermore, we distinguished between the
following subtypes of dementia: Alzheimer disease (ICD-8: 290.1–290.9; ICD-10: F00),
vascular dementia (ICD-8: 290.0; ICD-10: F01), and other and unspecified types of
dementia (ICD-8: 293.0, 293.1, 293.4, 293.9, 294.9, 309.6; ICD-10: F02–F04, F06–F09).
Psychiatric hospitalizations for mood disorders were coded in ICD-8 as 296.0–296.3, 296.8,
296.9, 298.0, 301.1 and in ICD-10 as F30–F34, F38, F39.

A total of 21,394 subjects received a diagnosis of dementia during a hospitalization. Of
these, 65% were diagnosed during psychiatric admission, 30% during somatic admission,
5% were diagnosed both at psychiatric and somatic hospitalizations.

Suicide was defined as the following causes of death: ICD-8: 950–959; ICD-10: X60–X84,
Y87, or where the manner of death was listed as being suicide.

A revised version of the Charlson's comorbidity index was implemented to control for
coexisting chronic disorders. This index assigns a weighted value to persons presenting
specific comorbid disorders depending on their lethality.37 Using available references on
ICD-9 and ICD-10 codes,38,39 the measure was transformed to ICD-8 codes. ICD-9 is an
extended version of ICD-8 and some categories were less explicit in the earlier version.
Certain categories of chronic disorders were therefore not specified in the 8th revision, e.g.,
it was not possible to distinguish between “liver disease” and “severe liver disease.” As
dementia is the explanatory variable, it was omitted from the index.

Dynamic Cohort Study
The entire Danish population aged 50 or older was observed during an 11-year period using
a dynamic cohort design. Persons aging 50 years during the observation period and
immigrants fulfilling the age inclusion criteria entered the observation group on the date of
the event. Similarly, subjects migrating or dying by other causes of death were right-hand
censored on the date of the event. Individuals who received a diagnosis of dementia during a
psychiatric or somatic hospitalization were considered as having dementia from that date
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onward. The impact of predictors associated with dementia was analyzed in six full models:
time since first diagnosis of dementia, main versus subdiagnosis of dementia, subtypes of
dementia, current psychiatric hospitalization, presence of other psychiatric disorders, and
presence of mood disorders. All of these models were stratified for calendar year, age (50–
69, 70+ years), marital status (never married, married, divorced, and widowed), living status
(living with someone, living alone), and chronic disorders (Charlson's comorbidity index).
With the exception of living status, which was updated on a yearly basis, all covariates were
updated on the exact registered date of change.

Person-years and suicide rates were calculated using the number of person-days spent in
each stratum.

Event-history analysis was applied to calculate the relative suicide risks using time-varying
covariates.40,41 Proportional hazard models of the following type were fitted:

where μi(t) denotes the hazard or probability that individual i will commit suicide at time t
while γ (t)is the baseline and αjk a coefficient that is estimated for specific combinations of
level j of variable x and level k of variable y for individual i.

Data management was carried out using the SAS software package and relative risks were
calculated using the aML software.42,43 The hazard models were developed stepwise and the
estimates from the previous model were used as starting values in the next round. All
covariates were evaluated in univariate models before being included in the multivariate
analysis. The covariates were added stepwise to the full model whereas all the intermediate
steps of the calculations were controlled and assessed for multiplicative effects. Models
were estimated over two rounds with all effects freed up in the last round. The 95%
confidence intervals (CIs) were calculated and asymptotic two-sided p values were derived
from t tests where df >2,000,000. As a compromise to an overly conservative Bonferroni
adjustment, an α level of 0.01 was used to determine significance.

RESULTS
A total of 2,467,539 persons (1,165,054 men and 1,302,485 women) accounting for
18,648,875 person-years (8,545,231 men and 10,103,643 women) were included in the study
(Table 1). During the 11-year observation period, 5,699 persons (3,557 men and 2,142
women) died by suicide. Of those, 136 (80 men and 56 women) had previously been
diagnosed with dementia during a hospitalization.

The persons aged 70 and over account for the largest proportion of hospital-diagnosed
dementia in terms of person-years. For both men and women, the highest suicide rates are
found among those aged 50–69 years diagnosed with dementia.

The suicide risks in Table 2 are calculated relative to the reference groups with the set value
of 1.0; for instance, men aged 70 years and older with no presentation of dementia have a
1.5-fold higher suicide risk than those aged 50–69 years (χ2 = 18.5, df = 2, p <0.0001).
Persons aged 50–69 with a hospital diagnosis of dementia have an 8- to 10-fold higher risk
of suicide than those with no diagnosis (χ2 = 18.5, df = 2, p <0.0001). Persons aged 70 and
older with a dementia diagnosis have a threefold higher suicide risk than to individuals in
the same age range with no dementia (χ2 = 18.5, df = 2, p <0.0001). Even though marriage is
found to act as a protective factor against suicide in persons with no dementia, it does not
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have the same impact among demented persons (χ2 = 32, df = 8, p <0.0001). Also, older
men with dementia who are living with someone have a significantly higher risk of suicide
than those living alone (χ2 = 18.39, df = 8, p = 0.0185). The presence of chronic comorbidity
does not seem to affect the suicide risk among persons with dementia.

The first 6 months after having been hospital diagnosed with dementia are associated with
elevated suicide risks compared with those who have been diagnosed for a longer time, both
for men (χ2 = 37.13, df = 11, p <0.0001) and women (χ2 >33.17, df = 11, p = 0.0005).
Irrespective whether male subjects had received a main or subdiagnosis of dementia, these
had higher risk of suicide than those with no diagnosis (χ2 = 37.13, df = 11, p <0.0001) and
(χ2 = 37.13, df = 11, p <0.0001), respectively. Similar results and significance levels were
obtained for female subjects. Albeit the 95% CIs indicate that vascular dementia was
associated with a significantly lower risk of suicide than Alzheimer disease for women (χ2 =
30.42, df = 12, p = 0.0024).

Older men with dementia who are currently admitted to psychiatric hospital have a threefold
higher suicide risk than those not hospitalized (χ2 = 39, df = 12, p <0.0001). Among women
the risk increases from 3.8 to 11.3 (χ2 = 25.81, df = 12, p = 0.0114). Nevertheless, the
suicide risk among current patients with dementia is lower than same age patients with other
disorders.

Older men who at some point, not necessarily at the same time, have been diagnosed for
both dementia and other psychiatric disorders during hospitalizations show higher levels of
suicide risk than found for those solely diagnosed with dementia (χ2 = 39, df = 12, p
<0.0001). The same is the case for older women (χ2[12] = 39, p <0.0001). Among persons
who have been diagnosed both with dementia and mood disorders, men (χ2 = 39, df = 12, p
<0.0001) and women (χ2 = 39, df = 12, p <0.0001) show higher risks than those diagnosed
with dementia only. Still, the risk of suicide in persons diagnosed with dementia but not
mood disorders is higher than the reference group of persons with none of those disorders
for both men (χ2 = 39, df = 12, p <0.0001) and women (χ2 = 39, df = 12, p <0.0001).

One in four of the male suicides took place within 3 months of the initial hospital diagnosis
as seen in Table 3. For women with dementia, one in seven of the suicides occurred during
the first 3 months. Approximately 20% of male and 13% of female suicides took place more
than 10 years after initial diagnosis.

CONCLUSIONS
This is to our knowledge the first study examining the association between dementia and
suicide using nationwide data. The main finding is that persons with a hospital diagnosis of
dementia have an elevated risk of suicide compared with the general population. The risk
was found to be more pronounced among women aged 50–69 years than among those aged
70 and over. The first months after having received a diagnosis of dementia seem to be
particularly stressful for the patient. It is, however, important to acknowledge that suicides
also occur well after initial diagnosis. We find that the risk of suicide associated with
dementia remains significant after controlling for mood disorders.

It is important to note that the current study covers all persons who have been diagnosed
with dementia during a fulltime hospitalization up to 18 years before study start. The
findings cannot be generalized to persons with dementia who have not received the
diagnosis while hospitalized. The outstanding qualities of the data, however, do provide us
with insights on the association between dementia and suicide beyond previous findings.
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Congruent with earlier clinical studies, currently admitted patients with dementia display a
lower suicide risk than patients with other disorders. Nevertheless, the time during
hospitalization as well as after discharge is associated with significant higher suicide risks
than for the general population of older adults.

Dementia, as diagnosed during hospitalizations, seems to be more stressful for a younger
than older individual. For women, a significant difference in risk was found between persons
with dementia aged 50–69 (relative risk: 10.8; 95% CI: 7.4–15.7) and those aged 70 and
over (relative risk: 3.4; 95% CI: 2.4–5.0). Previous reports of suicides among demented
persons are largely limited to case reports in which the age span varies from 57 to 87
years.6,8–10 One reason why the younger persons react stronger to a hospital diagnosis of
dementia than the older age group could be that the disorder sets in at an “off-time,” i.e., an
age where dementia is relatively uncommon and unexpected.44

The relationship between mood disorders and suicide is well established for older
adults.13,45 It is, therefore, not surprising that individuals diagnosed during hospitalizations
with both dementia and mood disorders have higher suicide risk than those only diagnosed
with dementia. However, the suicide risk associated with dementia seems not to be entirely
mediated by mood disorders as some studies have suggested. The risk of suicide in
demented persons remained significant after controlling for current or previous diagnoses of
mood disorders. Of all the consulted case reports, only one describes a suicide in a demented
person that apparently was not affected by mood disorders.8

Additional analysis (table not shown) failed to obtain conclusive findings on the temporal
relationship between dementia and mood disorders. This is possibly due to small case
numbers.

The first 6 months after initial hospital diagnosis of dementia are correlated with an elevated
suicide risk compared with later on. Interestingly, as many as 12 of the 80 male suicides
(15%) took place within the first month after being diagnosed, whereas just one female
suicide occurred. Four of the previously mentioned case reports provided information to
calculate the time between diagnosing dementia and subsequent suicide. In one of those, the
suicide occurred within “several weeks” of being diagnosed with dementia6 whereas the
three others took place 2–3 years after dementia was determined.8,10

Being diagnosed with dementia is a highly significant stressor for suicide. Preventive
measures should address the anxieties and potential suicidal ideation that might arise in the
time immediately after receiving a diagnosis. In the context of older adults who might
present other chronic diseases and severe disabilities, it is important to offer sufficient
consultation time and practical aid with care arrangement for future needs to ensure that the
patient is able to come to terms with the challenges that the disorder presents.

Approximately one of six suicides occurred 10 years or later after initial hospital diagnosis.
Given the cognitive decline manifesting itself during the course of dementia,1 it is surprising
that persons so many years after initial diagnosis are capable of planning and carrying out a
suicidal act. Furthermore, many of these used violent methods, for instance, four of the
seven female suicides were carried out by hanging. One explanation could be that some of
these persons might mistakenly have been diagnosed with dementia. Although it only brings
limited validation, among those 24 persons dying by suicide 10 years or later after first
diagnosis 19 experienced subsequent hospitalizations and 53% of those were again
diagnosed with dementia, i.e., the diagnosis was given at least twice. In terms of prevention,
it is important to note that suicides can occur many years after the diagnosis of dementia has
been established.
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All examined subtypes of hospital-diagnosed dementia were associated with significantly
higher risks of suicide than for persons without a dementia diagnosis. For women, vascular
dementia was related to a lower risk than Alzheimer disease and other and unspecified types
of dementia. This stands in contrast to a recent report on suicides among community
dwellers.46 Previous case reports, which specify type of disorder, only list suicides among
persons with Alzheimer disease.8,10 Given recent developments in the diagnostic criteria for
dementia,1 it cannot be excluded that some of the subjects diagnosed with vascular dementia
might have had other types of dementia.

The prospects of becoming increasingly dependent on the care of a significant others and the
fear of being a burden might explain the higher suicidality among older individuals
diagnosed with dementia. This may partially also explain why married and older men who
are living with someone have a higher suicide risk than singles. The Danish welfare system
provides free health care and, depending on own financial situation, covers up to 100% of all
expenses related to living in nursing homes and in-home care for individuals who do not
have others to care for them. Nevertheless, the emotional support to older individuals with
dementia might still be lacking.

Limitations should be acknowledged. As mentioned above, the analyses are based on a
subsample of all dementia cases, i.e., subjects diagnosed with dementia during a
hospitalization. Furthermore, no information was available on which examinations and tests
had been performed to establish the dementia diagnosis. It is possible that some patients had
delirium and were misdiagnosed with dementia. In others the dementia disorder might not
have been identified while hospitalized and, thus, not diagnosed. Information on mood and
other disorders was also restricted to hospital presentations. The validity of the dementia and
mood disorder diagnosis is therefore limited. Future research is needed to address the
suicide risk among persons with dementia not diagnosed during hospitalizations. Given the
large number of hypothesis, we acknowledge a higher probability of Type I errors. A lower
α level was selected to improve the validity of the findings.

The validity of the suicide registration among elderly, and particularly among those with
competing disorders, might be less precise than among younger age groups. Yet, the
registration of suicides in Denmark has been evaluated to be reliable across the age span.47

Although the population-based and nationwide coverage as well as the longitudinal and
prospective data collection are clear advantages of the registers, the nature of the data
prevents us from examining other relevant predictors. For instance, clinical information on
symptoms and stage of the disorder are lacking. Future research is needed to address the
influence of cognitive skills, stage of disorder, insight to disease, provided support and care
as well as level of educational attainment on the risk of suicide among elderly who suffer
from dementia.

The association between dementia and suicidality was examined beyond the clinical setting
of previous studies. Having been diagnosed with dementia during a hospitalization is related
to an elevated suicide risk, which persists after controlling for presentations of mood
disorders. The risk is more pronounced among women aged 50–69 years than among those
aged 70 and over. Although there is a particular high risk of suicide in the time shortly after
first hospital presentation for dementia, it is important to note that persons also a number of
years after initial diagnosis remain at risk for carrying out suicidal acts.
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TABLE 3

Distribution of Suicides With Respect to Time Interval Between First Hospital Diagnosis of Dementia and
Suicide Among Adults Aged 50 Years and Over Who Died by Suicide in Denmark (N = 2,474,767) During
1990–2000

Time Between First Diagnosis of Dementia and Suicide

Men Women

No. Suicides % No. Suicides %

≤1 month 12 15 1 2

1–3 months 9 11 7 13

4–12 months 11 14 13 23

1–3 years 18 23 12 21

3–10 years 14 18 16 29

≥10 years 16 20 7 13

Total 80 100 56 100
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