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Enduring increased risk of developing depression and
mania in patients with dementia
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Objective: To investigate the time relation between dementia and major affective disorders (major
depression and mania).
Methods: Register linkage study of the Danish Hospital Register and the Danish Psychiatric Central
Research Register, to establish study cohorts of patients with dementia and control groups (osteoarthritis
or diabetes) on first discharge from hospital. Follow up of cohorts was for up to 21 years. Hazard of
death was allowed for by the use of competing risks models.
Results: Patients with dementia had an increased risk of being admitted to hospital for major depres-
sion or mania during the course of the illness. The incidence remained elevated throughout the rest of
the patient’s life.
Conclusions: Patients with dementia have an increased risk of developing depression or mania.
Proper treatment of affective disorders in patients with dementia is important in reducing suffering and
costs.

Dementia and depression are both highly prevalent in

elderly people.1 2 Depression is seen in 10–25% of

patients with probable Alzheimer’s disease.3 Temporal

relations are of vital importance in the analyses of comorbid-

ity between the two disorders. Increasing evidence has

accumulated for structural brain changes associated with uni-

polar recurrent major depression4 and bipolar disorder,5 so we

investigated whether epidemiological data could contribute to

this research field. We found that few studies have addressed

the temporal relation between dementia and depression2 6–8 or

performed a follow up for as long as one8 or three years.6 7 No

studies have investigated whether the risk of developing

depression is increased only in the period shortly after the

diagnosis of dementia was made, or if the risk remains

increased during the long term course of the dementing

illness. Bipolar disorder in dementia and the temporal relation

between the two conditions have rarely been studied.9 10 None

of the above studies has addressed the risk of death in evalu-

ating affective disorders in dementia.

We hypothesised that the risk of developing an affective

episode (depression or mania) severe enough to cause admis-

sion to hospital should be markedly increased compared with

other medically ill control groups not only in the period

shortly after a diagnosis of dementia has been made but also

in the long term. We chose osteoarthritis and diabetes mellitus

as control groups because they are both chronic and progres-

sive diseases. If development of affective episodes were merely

of reactive origin—that is, a psychological reaction to having a

disabling illness such as dementia—the risk would be

increased initially, following the diagnosis of dementia. If,

however, the risk of developing an affective episode were

steadily increased for a longer period of time, this would sug-

gest a common neurobiological pathology.

METHODS
The Danish registers
The registers and methods of data extraction used in this

study have been described in detail elsewhere.11 12

In brief, the two hospital case registers—the Danish

Psychiatric Central Register (DPCR) and the Danish National

Hospital Register (DNHR)—were combined by linkage. Infor-

mation on death was obtained through the Danish Register of

Causes of Death. Information on the psychiatric admissions

derived from the DPCR and the events of interest were defined

according to the discharge diagnosis after the first ever admis-

sion to a psychiatric ward during the period from 1 April 1970

to 31 December 1997.

Security and safety of the patients’ personal data were

ensured,11 and the Danish Data Protection Agency and

national health authorities approved the project.

Study sample
The sample consists of three cohorts defined according to the

main diagnoses at discharge in the hospital registers (using

the International Classification of Diseases (ICD) system) after a

first ever admission during the period from 1 January 1977 to

31 December 1997. Dementia was defined as a diagnosis in

ICD-8 code: 290.09–290.10 or 290.18–290.19; or ICD-10 code:

DG30.0–DG30.9, DF00.0–DF01.9, or DF03.9. Subdiagnoses of

dementia were not investigated in this study as it is difficult to

distinguish clinically between, for example, Alzheimer’s

disease and vascular dementia. Early in the observation period

access to computed tomography and magnetic resonance

imaging was rarely available. Controls were defined as shown

in appendix 1.

The diagnoses were combined from the period with ICD-8

codes and the period with ICD-10 codes (appendix 1) accord-

ing to principles in previous work.13

We excluded patients with a schizophrenic or affective main

or auxiliary diagnosis in the DPCR from 1 April 1970 and

before the index diagnosis. All patients over the age of 15 were

included.

Analysis
The cohort of patients with dementia was compared with the

diabetes and the osteoarthritis cohorts using Poisson
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regression. As there is a major hazard of death (table 1),

depression/mania and death were both treated as outcomes in

competing risks models. We use the technical phrase

“intensity” for the incidence rates of the two competing

outcomes. Using the estimated intensities of depression/

mania and death, the probability of having a diagnosis of

depression/mania before a given age—given that an individual

was alive and without affective disorder at some starting

age—could be calculated.14

In the analysis of the intensity of depression, an individual

was no longer considered at risk from the time of admission

with a diagnosis of schizophrenia, mania/bipolar, or other

affective disorder, at one of the following times: at the time of

death; at the time of admission with one of the other index

diagnoses; or at the end of follow up. Thus when estimating

this intensity, individuals were censored at whichever of these

times came first. Similarly, when estimating the death inten-

sity, an individual was censored at the time of admission with

a diagnosis of schizophrenia or affective disorder, at the time

of admission with one of the other index diagnoses, or at end

of follow up. Sex was a fixed covariate. Age group (15–30,

30–35, 35–40,...,80–85, 85+ years), duration of disease (0–0.5,

0.5–1, > 1 year), and calendar period (five intervals) were

included as time dependent covariates. Finally, substance

abuse was included as a time dependent covariate, an

individual being considered an abuser from the time of

discharge with a diagnosis of substance abuse. Substance

abuse is known to be a risk factor for depression and could

therefore be a confounding variable.

Having estimated the effect of substance abuse on the

intensities, we approximated the probability of having a diag-

nosis of depression before a particular age, given that the

individual was alive, without affective disorder, and not a sub-

stance abuser at some starting age, by the weighted sum of

two probabilities: (1) the probability of depression for an indi-

vidual who was a substance abuser at the starting age; (2) the

probability of depression for an individual who was alive at the

starting age, and who never developed substance abuse. The

weights were taken as the observed prevalence of substance

abuse in the three cohorts. Similarly, we were then able to

estimate the intensities of mania/bipolar disorder (appendix

1).

RESULTS
The total study sample consisted of 227 694 patients admitted

to a Danish hospital with one of the three index diagnoses

(table 1). In all, 1400 patients were given a diagnosis of affec-

tive disorder at a subsequent discharge. Age and sex distribu-

tion at first discharge and data on censoring are presented

(table 1).

The relative intensity of developing a depressive episode in

cases with dementia was found to be significantly increased

compared with osteoarthritis (reference group) in the period

of illness following the first admission. Diabetes was not

different from osteoarthritis in any of the intervals given by

duration of disease (table 2).

Figures 1 and 2 show the estimated probabilities of

developing depression before a given age for patients alive at

the age 50 years and diagnosed with dementia in hospital, for

women and for men, respectively, compared with the control

group diagnoses of osteoarthritis and diabetes. The estimated

intensities for the latest calendar period 1994 to 1997 were

used. The probability of having a diagnosis of depression

adjusted for the competing risk of death was found to be

raised throughout lifetime for both sexes compared with the

probability of the control groups. Results are only presented

for patients aged 50 years; the graphs for patients aged 60

years showed a very similar pattern.

Table 3 shows the increased relative intensities of develop-

ing mania/bipolar disorder in patients with dementia and

Table 1 Age and sex characteristics of the study cohorts at first discharge, and
events in the follow up period

Characteristic Dementia Osteoarthritis Diabetes mellitus

n 28 594 108 152 90 948
Female 57.9 59.7 48.0
Age (mean (SD)) 77.3 (11.4) 66.1 (13.7) 59.6 (18.3)
Event of interest
Depression 297 (1.04) 471 (0.44) 331 (0.36)
Manic/bipolar 53 (0.19) 67 (0.06) 76 (0.08)
Other affective 37 (0.13) 34 (0.03) 34 (0.03)
Affective total 387 (1.35) 572 (0.53) 441 (0.48)
Censoring
Shizophrenia 27 (0.09) 24 (0.02) 99 (0.11)
End of follow up 5 770 (20.18) 69 873 (64.61) 42 942 (47.22)
Death 21 793 (76.22) 34 342 (31.75) 45 055 (49.54)
Probands
Dementia – 1 374 (1.27) 1 019 (1.12)
Controls
Osteoarthritis 216 (0.76) – 1 393 (1.53)
Diabetes mellitus 401 (1.40) 1 967 (1.82) –

Values are n (%) unless specified.

Table 2 Relative intensities of developing depressive disorder according to duration
of disease (years) in patients without substance abuse: dementia and diabetes
compared with osteoarthritis*

0–1⁄2 y 95% CI 1⁄2–1 y 95% CI 1+ y 95% CI

Dementia 8.86 6.26 to 12.54 4.86 3.06 to 7.71 4.30 3.54 to 5.22
Diabetes 1.30 0.87 to 1.93 1.18 0.74 to 1.89 0.96 0.81 to 1.14
Osteoarthritis 1 1 1

*Adjusted for differences in age at first discharge, sex, and substance abuse.
CI, confidence interval; y, year.
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diabetes compared with osteoarthritis (as the reference

group) over the entire period of illness. Diabetes was found to

be comparable to osteoarthritis in the intervals given by the

duration of disease.

The estimated probabilities of developing a first ever manic

episode or a bipolar manic episode for patients with dementia

were computed. Adjusted for the competing risk of death, the

probability of having a diagnosis of manic/bipolar episode was

found to be increased throughout life for both sexes (graphs

not shown).

DISCUSSION
We found an increased probability of developing major

depressive disorder or developing a manic episode in patients

with dementia compared with patients with other chronic and

disabling medical illnesses. It should be stressed that this

association was found when adjusted for age (table 2) but is

only presented graphically, as an example, for patients of 50

years of age at the time of their inclusion in the study. The

graphs show the probability of a diagnosis of depression after

hospital admission according to the patients’ age. The finding

related to depression is in agreement with previous studies, as

recently reviewed by Kumar and Cummings,3 though those

studies were all smaller. The present study is unique as it cov-

ered all admissions in a nationwide population over a long

period of observation (up to 21 years).

The intensity of developing depression throughout the

entire period of illness following the first admission for

dementia was markedly increased when compared with the

medically ill control groups. Similarly, the intensity of

developing mania/bipolar illness was initially increased, and

remained significantly elevated over the entire course of

illness when compared with osteoarthritis. To our knowledge

this has not been reported previously.

Mania is a rare event in dementia, and in clinical

evaluations is probably often confused with delirium,15

especially in elderly people if the symptoms are dominated by

disorganised thinking, as in severe mania.9 15 We reduced this

source of error by only including patients admitted to hospital

and diagnosed by psychiatrists. In a retrospective review of

134 cases with Alzheimer’s disease, with three incident manic

episodes, mania was not statistically different from the

general population rates in the USA.10 In our cohort, which

was of considerable size, we found a significantly increased

probability of developing mania or first bipolar episode, which

remained increased throughout the course of illness in

comparison with control groups.

This study stresses the importance of using competing risks

to control for the differential hazard of death in the cohorts.

One previous study16 showed, in a group of very old demented

patients (median age 87 years), that mood symptoms

predicted short term mortality in elderly people with demen-

tia. Previous studies of the prevalence of depression in patients

with dementia have not taken the hazard of death into

account in the analyses.2 3 6–8

It is possible that certain causes of dementia may be more,

or even less, associated with the development of depression.

However, in this study using register based diagnoses it is not

feasible to subdivide the diagnoses of dementia, for two

reasons: first, access to brain imaging scanning facilities was

unusual early in the observation period; and second, because

of the shift of the diagnostic system from ICD-8 to ICD-10 in

1994. The difficulties in classifying dementia into mutually

exclusive subtypes have recently been debated.17

The demonstrated association between dementia and affec-

tive disorder was adjusted for the effect of alcoholism or other

substance abuse as a time dependent covariate.

Our study, using a prospective historical cohort design with

long observation time and survival analysis, was not biased by

socioeconomic differences. All psychiatric inpatient treatment

in Denmark is free of charge. No private psychiatric inpatient

hospitals or clinics exist, and there are few private somatic

institutions (1% of all beds and less than 0.3% of all discharges

in 1993). They have the same obligation to report to the public

registers as the other hospitals.11 The Danish population is eth-

nically and socially homogeneous and has a low migration rate.

Patients with osteoarthritis were chosen as a control group

because it is a chronic and progressive disease without any

known impairment of brain function. Though this has been

little investigated, the risk of developing depression in patients

with osteoarthritis does not seem increased.18

Figure 1 Woman of 50 years at initial diagnosis: the probability
of being discharged with a diagnosis of depression before a given
age for a woman alive and without affective disorder at 50 years,
and without substance or alcohol abuse at the age 50 years (time
dependent covariate, see text). The estimated probabilities of
depression were based on the last calendar period observed
(1994–97) and are shown for dementia, diabetes, and
osteoarthritis.
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Figure 2 Man of 50 years at initial diagnosis: the probability of
being discharged with a diagnosis of depression before a given age
for a man alive and without affective disorder at 50 years, and
without substance or alcohol abuse at the age 50 years (time
dependent covariate, see text). The estimated probabilities of
depression were based on the last calendar period observed
(1994–97) and are shown for dementia, diabetes, and
osteoarthritis.
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Patients with diabetes represent a chronic disease control

group with a susceptibility to cerebral small artery disease19

and thus to a certain extent impairment of brain function. A

recent meta-analysis strongly suggested that patients with

diabetes have an increased risk of comorbid depression.20 The

relative risk of developing dementia in a group of type 2 dia-

betic patients was found to be increased compared with nor-

mal elderly people, and it was concluded that diabetes might

contribute to the development of dementia.21 These newly

published results make the interpretation of diabetes as a

control group difficult, but we still found there was an

increased risk of depression in patients with dementia even in

comparison with the diabetic control group.

Limitations
Our study had some limitations.

First, only patients admitted to hospital at least once were

included. However, our results are not likely to be explained by

referral bias, as we had no reason to believe that general

practitioners were more observant of symptoms of depressive dis-

order or mania in patients previously admitted with dementia

than in patients previously admitted with osteoarthritis or

diabetes. Thus we do not think that there was increased referral of

patients with dementia for hospital admission. However, it is pos-

sible that depression may induce more functional impairment in

patients with dementia. There are no data on impairment in the

registers, so this could not be evaluated further in this study.
Second, diagnoses were not standardised for research

purposes but were based on reliance on the diagnostic practice

of clinicians in Denmark. Depression may be misclassified as

dementia when symptoms of cognitive dysfunction are

prominent (“pseudo-demented” state). However, pseudo-

dementia in general is milder and more fluctuating, while

diagnoses of dementia, made after admissions lasting for days

or weeks in departments of psychiatry or neurology, presum-

ably reflect a moderate to severe unchanging demented

condition. We therefore presume that the risk of misclassifica-

tion was small. In clinically derived diagnoses of Alzheimer’s

disease the diagnostic accuracy has been found to be high.22

One study evaluated affective diagnoses in the DCPR.23 In a

random subsample from the register of patients with clinical

ICD-8 diagnoses of manic-depressive psychosis at first admis-

sion, 95% received a lifetime ICD-10 diagnosis of affective dis-

order according to research diagnostic criteria.

Third, the diagnosis of osteoarthritis or diabetes recorded in the

Danish registers has not been validated. Recently, a study of iden-

tification of the diabetic population in a Danish county using the

DNHR as a part of the case finding found a positive predictive

value of 98%.24 Register validity evaluation in the Danish registers

has been done in somatic diagnoses in the DNHR.25 26 In general,

the agreement between the diagnoses in the register and the

diagnoses made by recoding on the basis of the case notes and

other paraclinical material varied between 75% and 90%.

Conclusions
We found that admission for depression and mania was more

likely in patients with dementia than in comparable control

groups when using survival analysis in register data from the

entire Danish population. This suggests that once the diagno-

sis of dementia is established the risk of having an affective

episode remains increased for the rest of the patient’s life. This

implies that patients with suspected dementia should be care-

fully evaluated for depression and mania, so that the proper

treatment of these conditions can be instituted. Early

detection of depression in demented patients is of vital

importance in reducing suffering in the patients and their

relatives and caregivers, and in reducing costs in general.27

Our study suggests a neuropathological connection be-

tween dementia and affective disorder.3 12 13 28 We recommend

investigation of these relations in other patient groups—for

example, an outpatient cohort or a population survey with

long term follow up.
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Table 3 Relative intensities of developing mania or bipolar disorder according to
duration of disease (years) in patients without substance abuse: dementia and
diabetes compared with osteoarthritis*

0–1⁄2 y 95% CI 1⁄2–1 y 95% CI 1+ y 95% CI

Dementia 9.89 4.22 to 23.19 21.08 4.22 to 105.30 6.91 4.56 to 10.47
Diabetes 1.93 0.83 to 4.50 5.10 1.08 to 24.15 1.28 0.88 to 1.85
Osteoarthritis 1 1 1

*Adjusted for differences in age at first discharge, sex, and substance abuse.
CI, confidence interval; y, year.

International Classification of Diseases, eighth and
tenth revision (ICD-8 and ICD-10) codes for psychiatric
diagnoses derived from the Danish Psychiatric Central
Register 1970–1993 (ICD-8) and 1994–1997 (ICD-10),
and from the Danish National Hospital Register
1977–1993 (ICD-8) and 1994–1997 (ICD-10):

ICD-8 codes ICD-10 codes

Diagnosis in DPCR
Affective
disorder

Mania/ bipolar 296.19, 296.39 DF30.0–DF31.6 and
DF38.00

Depression 296.09, 296.29 DF32–DF33.31
Other affective 296.89, 296.99 DF34.0–DF34.9 and

DF38.0 and
DF38.1–DF39.9

Schizophrenia 295.09–295.99 DF20.0–DF20.9 and
DF25.0–DF25.9

Alcoholism/alcohol abuse 291.09–291.99
and
303.09–303.99

DF10.0–DF10.9

Drug abuse 304.09–304.99 DF11.0–DF16.9 and
DF18.0–DF19.9

Diagnosis in DNHR
Controls:
Diabetes 249.00–250.09 DE10.0–DE11.9
Osteoarthritis 713.00–713.09 DM15.0–DM19.9

DNHR, Danish National Hospital Register; DCPR, Danish Psychiatric
Central Register,
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