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Background. Whether late-onset depression is a risk factor for or a prodrome of dementia remains unclear. We

investigated the impact of depressive symptoms and early- v. late-onset depression on subsequent dementia in a

cohort of elderly general-practitioner patients (n=2663, mean age=81.2 years).

Method. Risk for subsequent dementia was estimated over three follow-ups (each 18 months apart) depending on

history of depression, particularly age of depression onset, and current depressive symptoms using proportional

hazard models. We also examined the additive prediction of incident dementia by depression beyond cognitive

impairment.

Results. An increase of dementia risk for higher age cut-offs of late-onset depression was found. In analyses controlling

for age, sex, education, and apolipoprotein E4 genotype, we found that very late-onset depression (aged o70 years)

and current depressive symptoms separately predicted all-cause dementia. Combined very late-onset depression

with current depressive symptoms was specifically predictive for later Alzheimer’s disease (AD; adjusted hazard ratio

5.48, 95% confidence interval 2.41–12.46, p<0.001). This association was still significant after controlling for cognitive

measures, but further analyses suggested that it was mediated by subjective memory impairment with worries.

Conclusions. Depression might be a prodrome of AD but not of dementia of other aetiology as very late-onset

depression in combination with current depressive symptoms, possibly emerging as a consequence of subjectively

perceived worrisome cognitive deterioration, was most predictive. As depression parameters and subjective memory

impairment predicted AD independently of objective cognition, clinicians should take this into account.
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Introduction

Depression and dementia are frequent clinical dis-

orders in the elderly (Korczyn & Halperin, 2009).

Several studies have found depression or depressive

symptoms to be associated with subsequent dementia

(e.g. Dotson et al. 2010; Saczynski et al. 2010; Köhler

et al. 2011; Li et al. 2011; Wilson et al. 2002). Possible

biological mechanisms linking depression and sub-

sequent dementia are : interactions with vascular dis-

eases, changes in glucocorticoid steroid levels that can

result in hippocampal atrophy, accumulation of amy-

loid-b plaques, inflammatory processes, and lack of

nerve growth factors (Byers & Yaffe, 2011).
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Ownby et al. (2006) suggested that depression might

be a risk factor for rather than a prodrome of sub-

sequent Alzheimer’s disease (AD) because they found

a positive association between the risk for AD and the

interval of depression and AD diagnoses. Indeed, both

hypotheses concerning the association between de-

pression and later dementia might not exclude each

other (Jorm, 2000, 2001). In a recent review, Byers &

Yaffe (2011) stated that although most studies found

an association between late-life depression and de-

mentia, whether it constitutes a risk factor or a prod-

romal feature is questionable.

Therefore, the current state of knowledge regarding

depression as a prodromal feature of dementia can

be described as inconclusive. Besides the above-

mentioned problems, one reason for this may be

diverging definitions of depression in general and of

late-onset depression in particular. Most studies used

either screening scales for depressive symptoms or

clinical diagnoses of depression. Those few studies

that used different parameters (i.e. history of de-

pression and depressive symptoms) of depression

were underpowered (Geerlings et al. 2008), used only

abbreviated (Li et al. 2011), or no (Gatz et al. 2005) in-

quiries to assess clinical diagnoses of depression, or

examined only two follow-ups every 2 years (Lenoir

et al. 2011).

To overcome these gaps in the literature, we

assessed current depressive symptoms with a well-

established depression scale for elderly populations,

and a history of clinical diagnosis of major depression

according to DSM-IV criteria in a large sample over

three follow-up periods every 11
2 years.

In addition to the previously mentioned problems,

there is no consistent definition of late-onset de-

pression. Several studies used an age of 60 years as the

cut-off for late-onset depression (e.g. Van Reekum et al.

1999; Geerlings et al. 2008), but there are also studies

that used 45 years (Steffens et al. 1997) or 50 years

(Zalsman et al. 2000; Li et al. 2011). Different cut-offs

for late-onset depression might explain divergent re-

sults concerning subsequent dementia.

To determine the temporal association between

depression and subsequent dementia, we analysed

different cut-offs for depression onset in detail. A

prodrome as an early sign of a pathological process is

characterized by temporal adjacency of the symptom

and later manifestation of the disease. It is a mild or

qualitatively different early expression of a pathologi-

cal process. If depression is a prodromal state of de-

mentia, there should be a closer temporal proximity

between onset of depression and dementia and no re-

mission of depressive symptoms indicated by a late-

or very late-onset of depression and currently elevated

depressive symptoms. A risk factor is a circumstance

that increases the probability to subsequently develop

the disease. It has an indirect and mediated effect on

the pathological process. If depression is a risk factor

for subsequent dementia, history of depression in

general, early-onset depression with or without cur-

rent depressive symptoms or late-onset depression

without current depressive symptoms should be as-

sociated with subsequent dementia. We believe that

the combination of late- or very late-onset depression

with currently elevated depressive symptoms rep-

resents a neurodegenerative process (i.e. a prodromal

state of dementia), whereas an association between a

late- or very late-onset depression that remitted and

currently shows no elevation of depressive symptoms

and subsequent dementia represents an indirect effect

(i.e. a risk factor for subsequent dementia).

Depression is frequent in subjects with mild cogni-

tive impairment (Panza et al. 2010). It remains unclear

whether depression might predict incident dementia

independently of cognitive impairment. Perception

of subjective memory impairment might occur even

before objective cognitive impairment and might be

part of affective disorders or symptoms (Reisberg et al.

2008). More complaints about subjective memory

impairment have been found in depressed persons

(O’Connor et al. 1990; Riedel-Heller et al. 1999; Jorm

et al. 2004) ; therefore, we included subjective memory

impairment as well as objective cognition. All-cause

dementia in general and AD and dementia of other

aetiology in particular were used as target variables.

Method

Sample

We present data from a prospective and population-

based multi-centre study [the German Study on

Ageing, Cognition, and Dementia in Primary Care

Patients (AgeCoDe)]. At baseline, participants aged

o75 years were recruited via general practitioners

(GPs) in six German cities (Bonn, Düsseldorf,

Hamburg, Leipzig, Mannheim, Munich). Inclusion

criteria were absence of dementia according to the

judgement of the GP and at least one contact with the

GP within the past 12 months. Exclusion criteria were

consultations only by home visits, severe illness, in-

sufficient knowledge of the German language, deaf-

ness or blindness, and lack of capability for informed

consent. The relevant ethics committees approved the

study. The interview was conducted in-person by a

trained research assistant (psychologist or physician).

Follow-up assessments after baseline in 2003/2004

were conducted every 11
2 years. History of major de-

pression was first assessed in follow-up 1. Conse-

quently, the present study referred to data of
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covariates and predictors (i.e. depression parameters

and cognitive measures) in follow-up 1 and included

information of dementia status until follow-up 4.

Follow-up 4 was conducted approximately 41
2 years

after follow-up 1. The sample initially consisted of

3327 baseline participants. We excluded participants

aged <75 years at baseline (n=39) and participants

with a diagnosis of dementia at baseline or follow-up 1

(n=182). Of 2674 participants personally interviewed

in follow-up 1, both depression parameters were

available for 2663 subjects who constitute the sample

of the present study (see Fig. 1).

Assessment of depression

A shortened and modified version of section E of the

Composite International Diagnostic Interview (CIDI ;

Wittchen & Pfister, 1997) was used to assess lifetime

prevalence and age of onset of major depression ac-

cording to DSM-IV criteria (APA, 1994) at follow-up 1.

Major depression was diagnosed when the symptom

algorithm according to CIDI was met (i.e. at least one

core symptom, at least three or four accessory symp-

toms depending on the number of core symptoms

for at least 2 weeks, and bereavement exclusion). Core

symptoms were ‘depressed mood’ and ‘ loss of inter-

est or pleasure in nearly all activities ’ and accessory

symptoms were ‘ fatigue’, ‘ loss or increase of appe-

tite/weight ’, ‘ changes in sleeping patterns’, ‘psycho-

motor agitation/inhibition ’, ‘ feelings of worthlessness

or guilt ’, ‘difficulty concentrating ’, and ‘suicidal

thoughts or intentions ’. We did not ask for accessory

symptoms (‘ loss of sexual interest ’, ‘ indecisiveness ’),

mixed episodes, clinical significance/impairment

criterion, substance abuse or medical contribution

(e.g. hyperthyreosis).

The short version of the Geriatric Depression Scale

(GDS-15 ; Yesavage et al. 1983; Sheikh & Yesavage,

1986) in German was used to assess depressive

symptoms at follow-up 1. GDS-15 consists of 15 items

in terms of questions referring to the last week that can

be accepted or rejected. If more than two items were

missing, the GDS-15 score could not be computed. If

one or two items were missing, a weighted score was

computed. Clinically relevant depression is supposed

to be indicated by a score of at least 6 (e.g. Wancata

et al. 2006). To provide better comparability with the

clinical diagnosis of depression, a GDS-15 score

dichotomized by a cut-off score of 6 was entered into

our prediction models. When we report no current

depressive symptoms in the following, this means that

the GDS-15 score was <6. An association between

history of depression in general irrespective of onset

age, early-onset depression, or late-onset depression

without current depressive symptoms and subsequent

dementia suggests that depression is a risk factor for

dementia. An association between higher ages of de-

pression onset with current depressive symptoms and

subsequent dementia suggests that depression is a

prodromal state of dementia.

Assessment of dementia

Dementia assessment was based on the Structured

Interview for Diagnosis of Dementia of Alzheimer

type, multi-infarct dementia and dementia of other

aetiology according to DSM-IV and ICD-10 criteria

(SIDAM; Zaudig & Hiller, 1996), which includes the

Mini-Mental State Examination (MMSE; Folstein et al.

1975) implemented by a trained research assistant.

In addition, each case of incident dementia and its

aetiological subtype was validated by a neurological

Under 75 years at baseline 39
Dementia diagnosed until follow-up 1 182
Incomplete depression parameters 11
Refusal 263
Repeatedly not encountered 7
Residence unknown 4
Removal 5
Deceased 123
Other 30

Exluded patients

Baseline

(N = 3327)

Follow-up 1

(N = 2663)

Fig. 1. Sample selection flowchart.
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expert on the basis of medical information relevant to

the aetiology of dementia (e.g. presence or absence of

Parkinson’s disease, stroke, or alcohol abuse) pro-

vided by a GP. AD was diagnosed according to DSM-

IV criteria (APA, 1994). Vascular dementia was diag-

nosed according to NINDS-AIREN criteria (Roman

et al. 1993). Ambiguous cases were discussed by a

group of three neurological experts in order to reach a

consensus diagnosis. Target variables were all-cause

dementia that included all cases of dementia, AD, and

dementia of other aetiology (i.e. mixed forms, vascular

dementia, specific types of dementia such as Lewy

body dementia, or dementia caused by substance

abuse, and dementia not otherwise specified) until

follow-up 4. Presence or absence of dementia was di-

agnosed at every follow-up assessment. To avoid

over- or underestimation of the time until dementia

was manifest, the onset of incident dementia was es-

timated by dividing the time between the last de-

mentia-free follow-up assessment and the follow-up

assessment when dementia was first diagnosed in ad-

dition to all dementia-free follow-ups before. For ex-

ample, if dementia was first diagnosed in follow-up 2,

we estimated the midpoint of the interval between

follow-up 1 and follow-up 2 and added this value to

the time until follow-up 1 to obtain the time until de-

mentia onset.

Measures of cognition

The German version of MMSE (Folstein et al. 1975) was

used to measure global cognitive functioning in an

objective manner. Subjective memory impairment was

assessed as a subjectively rated measure of cognitive

functions by asking ‘Do you feel like your memory is

becoming worse?’ according to Geerlings et al. (1999).

Possible answers were ‘no’, ‘yes, but this does not

worry me’, and ‘yes, this worries me’. We used two

(no/yes) and three (no/yes without worries/yes with

worries) groups of subjective memory impairment as

predictors to disentangle its affective and cognitive

component. Subjective memory complaints with wor-

ries might be an expression of general depression/

anxiety or an independent early cognitive predictor of

subsequent dementia.

Covariates and statistical analysis

Cox regression analyses were used to investigate the

effect of depression parameters and covariates as-

sessed in follow-up 1 on the time until dementia was

diagnosed in crude and adjusted proportional hazards

models. Relevant depression parameters were deter-

mined by inspecting their crude hazard ratios.

Depression parameters that did not significantly

predict subsequent dementia were disregarded in the

adjusted models. Kaplan–Meier survival curves and

log-rank test were compared for participants with

and without combined very late-onset depression and

current depressive symptoms. Adjusted hazard ratios

were computed in a three-stage approach. As cogni-

tive measures are not merely control variables but are

actually inherently associated with depression, they

were entered separately in a second and third step. As

the first step, we entered age in years at follow-up 1,

sex, education according to CASMIN (König et al.

1988) in three stages, and dichotomous apolipoprotein

E4 status (ApoE4; present or absent) as additional

covariates to the depression parameters into our

models to predict later dementia. In a second step, we

added subjective memory impairment in two groups

(no/yes) and the MMSE score as additional covariates

into our models. In a third step, we added subjective

memory impairment in three groups (no/yes without

worries/yes with worries) and the MMSE score into

our models. Two-sided t tests for independent

samples were used to compare quantitative measures

in different groups. Level of significance was set to

a=0.05. The Bonferroni method was used to correct

for multiple univariate comparisons.

Results

At follow-up 1, information about history of de-

pression was available for 2663 subjects (see Table 1).

Of these participants, 238 (8.9%) subjects reported

a history of depression. A total of 139 (5.2%) partici-

pants reported an early-onset up to age 59 years and

96 (3.6%) participants reported a late-onset beginning

at o60 years ; for three (0.1%) participants this infor-

mation was missing. At the same time, 306/2663 sub-

jects (11.5%) reported depressive symptoms indicated

by a GDS-15 score of o6. Subjects with a history of

depression reported more depressive symptoms than

subjects without a history of depression (t255.74=x8.83,

p<0.001). When we distinguished between history

of early-onset depression up to age 59 years (t144.93=
x5.64, p<0.001 ; mean=3.84, S.D.=3.32) and late-

onset depression from age o60 years (t97.72=x7.12,

p<0.001 ; mean=4.91, S.D.=3.65), we found higher

depressive symptoms measured by the continuous

GDS-15 score in both groups compared to subjects

without a history of depression (mean=2.24,

S.D.=2.18).

There were 308 (11.6%) cases of incident dementia

between follow-up 1 and follow-up 4. AD constituted

49.4% (n=152) and dementia of other aetiology con-

stituted 46.8% (n=144; comprising 51 cases of mixed

forms, 56 cases of vascular dementia, 16 cases of spe-

cific type of dementia and 21 cases of dementia not
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otherwise specified). Cases of dementia of other

aetiology were analysed together due to the rather

small specific sample sizes. For 3.9% (n=12), the

specific diagnosis of dementia remained unknown.

Two-sided t tests for independent samples showed

that participants with subsequent all-cause dementia

(t357.00=11.67, p<0.001), subsequent AD (t162.10=10.52,

p<0.001), and subsequent dementia of other aetiology

(t155.97=5.73, p<0.001) had lower MMSE scores than

participants without any diagnosis of later dementia at

follow-up 1.

Analyses of different cut-offs for late-onset

depression

Major depression per se was not associated with sub-

sequent dementia (see Table 2). Age of depression

onset as a continuous variable was marginally signifi-

cant for all-cause dementia, significant for AD, but not

significant for dementia of other aetiology. Two-sided

t tests revealed only a marginally different mean age of

onset in subjects with and without all-cause dementia

(t233=x1.80, p=0.074) driven by a different mean age

Table 1. Sample characteristics with status of dementia diagnosis until follow-up 4 and status of predictors at follow-up 1

No dementia

until follow-up 4

(n=2355)

All-cause

dementia

(n=308)

Alzheimer’s

disease

(n=152)

Dementia of

other aetiology

(n=144)

Age, mean (S.D.) 81.00 (3.42) 82.52 (3.41) 82.96 (3.44) 81.89 (3.13)

Sex, n (%)

Female 1525 (64.8) 213 (69.2) 112 (73.7) 92 (63.9)

Male 830 (35.2) 95 (30.8) 40 (26.3) 52 (36.1)

Education, n (%)

Low 1421 (60.3) 204 (66.2) 109 (71.7) 86 (59.7)

Medium 655 (27.8) 77 (25.0) 31 (20.4) 44 (30.6)

High 279 (11.8) 27 (8.8) 12 (7.9) 14 (9.7)

MMSE, mean (S.D.) 27.97 (1.60) 26.55 (2.04) 26.18 (2.04) 27.04 (1.88)

ApoE4, n (%)

No ApoE4 allele 1830 (77.7) 210 (68.2) 91 (59.9) 112 (77.8)

ApoE4 allele 442 (18.8) 86 (27.9) 54 (35.5) 28 (19.4)

ApoE4 unknown 83 (3.5) 12 (3.9) 7 (4.6) 4 (2.8)

SMI, n (%)

No 1180 (50.1) 104 (33.8) 53 (34.9) 49 (34.0)

Yes (no worries) 838 (35.6) 114 (37.0) 50 (32.9) 58 (40.3)

Yes (worries) 337 (14.3) 90 (29.2) 49 (32.2) 37 (25.7)

Major depression, n (%)

No 2143 (91.0) 282 (91.6) 141 (92.8) 130 (90.3)

Yes 212 (9.0) 26 (8.4) 11 (7.2) 14 (9.7)

Age of onset, mean (S.D.) 51.62 (19.76) 59.15 (23.38) 67.27 (19.30) 51.29 (24.68)

EOD 59, n 128 11 3 8

LOD 60, n 81 15 8 6

VLOD 65, n 64 14 7 6

VLOD 70, n 43 14 7 6

VLOD 75, n 30 9 6 2

GDS-15, mean (S.D.) 2.34 (2.35) 3.01 (2.70) 3.22 (2.88) 2.67 (2.38)

GDS-15 <6, n 2109 248 118 123

GDS-15 o6, n 246 60 34 21

VLOD 70, GDS-15 o6, n 16 7 6 0

MMSE, Mini-Mental Status Examination (Folstein et al. 1975) ; ApoE4, apolipoprotein E4 ; SMI, subjective memory impair-

ment ; GDS-15, Short Geriatric Depression Scale (Sheikh & Yesavage, 1986) ; EOD 59, early-onset depression before age 60 years ;

LOD 60, late-onset depression from ageo60 years ; VLOD, very late-onset depression with different cut-off ages ; GDS-15, Short

Geriatric Depression Scale (Sheikh & Yesavage, 1986), dichotomized by 6 ; VLOD 70, GDS-15 o6, combined very late-onset

depression with age 70 years as cut-off and GDS-15 o6.

Classification of education according to CASMIN (König et al. 1988).

Results of the AgeCoDe study 1601

https://doi.org/10.1017/S0033291712002449 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291712002449


of onset in subjects with and without AD (t218=x2.56,

p=0.011) and no different mean age of onset in sub-

jects with and without dementia of other aetiology

(t221=0.60, p=0.952). When we entered age of de-

pression onset as a dichotomized variable, we used the

Bonferroni method to correct for multiple compar-

isons and found an increase of dementia risk for

higher depression cut-off ages. Crude hazard ratios for

all-cause dementia were not significant for early-onset

depression and late-onset depression with a 60 and 65

years cut-off. The risk for all-cause dementia was sig-

nificantly increased, when very late-onset depression

at age 70 years was diagnosed. Results for AD were

similar, but hazard ratios of very late-onset depression

were higher, only significant for a 75 years cut-off and

we found a marginal risk reduction of early-onset de-

pression for AD. In dementia of other aetiology than

AD, there was no increased risk for subsequent de-

mentia when very late-onset depression cut-offs were

chosen. Subjects with a very late-onset of depression

from ageo70 years and current depressive symptoms

that were indicated by a dichotomized GDS-15 score

had a greater than threefold risk for later all-cause

dementia. The increased risk for dementia was ex-

clusively driven by the greater than sixfold risk for

later AD. As we obtained similar results for the 70

and 75 years cut-offs of late-onset depression, we de-

cided to use the 70 years cut-off for further analyses,

which included more cases. Depressive symptoms

significantly increased the risk for later all-cause de-

mentia, AD, and dementia of other aetiology. Fig. 2

shows Kaplan–Meier survival curves for AD by very

late-onset of depression with current depressive

symptoms. The log-rank test indicated a significant

difference between subjects with combined very late-

onset depression from o70 years and current de-

pressive symptoms and subjects without a combined

history of depression and current depressive symp-

toms (x2
1=26.40, p<0.001).

Adjusted models of dementia risk

As a first step, we entered common control variables

(age, sex, education, ApoE4) and the depression

parameters (very late-onset of major depression, de-

pressive symptoms as a dichotomized variable) into

the adjusted hazard ratio models (see Table 3). When

very late-onset major depression and depressive

symptoms were separately entered into the adjusted

models, they both increased the risk for later all-cause

dementia. Only the dichotomized GDS-15 score in-

creased the risk for later AD. The hazard ratios’ mag-

nitude of very late-onset depression remained similar,

but was no longer significant. Dementia of other aeti-

ology was only marginally predicted by very late-

onset depression and elevated depressive symptoms.

When we entered very late-onset depression and GDS-

15 score combined (i.e. subjects that had very late-

onset depression with current depressive symptoms)

into our models, we found an even higher risk for later

all-cause dementia that was exclusively driven by an

increased risk for later AD.

As a second step, we checked if the association be-

tween depression and dementia remained after enter-

ing cognitive measures [i.e. MMSE, subjective memory

impairment (no/yes) ; see Table 3]. When entered

Table 2. Depression parameters and risk for subsequent dementia

All-cause dementia Alzheimer’s disease Dementia of other aetiology

HR (95% CI) HR (95% CI) HR (95% CI)

Major depression 0.92 (0.62–1.37) 0.79 (0.43–1.46) 1.07 (0.62–1.86)

Age of onset 1.02# (1.00–1.04) 1.05* (1.01–1.10) 1.00 (0.97–1.03)

EOD 59 0.64 (0.35–1.18) 0.35# (0.11–1.11) 1.00 (0.49–2.03)

LOD 60 1.39 (0.83–2.34) 1.53 (0.75–3.12) 1.24 (0.54–2.80)

VLOD 65 1.65# (0.96–2.82) 1.73 (0.81–3.70) 1.58 (0.70–3.59)

VLOD 70 2.22** (1.30–3.80) 2.40* (1.12–5.13) 2.18# (0.96–4.95)

VLOD 75 2.29* (1.18–4.46) 3.13** (1.38–7.09) 1.19 (0.30–4.83)

GDS-15 o6 2.43*** (1.83–3.21) 2.86*** (1.95–4.19) 1.85** (1.18–2.92)

VLOD 70, GDS-15 o6 3.79*** (1.79–8.03) 6.44*** (2.84–14.58) No case

VLOD 75, GDS-15 o6 4.41*** (1.96–9.91) 7.29*** (2.98–17.80) No case

HR, Hazard ratio ; CI, confidence interval ; age of onset=age of depression onset as continuous variable ; EOD 59, early-onset

depression before age 60 years ; LOD 60, late-onset depression from age o60 years ;. VLOD, very late-onset depression with

different cut-off ages ; GDS-15 dichotomized, cut-off score o6.

Level of significance according to Bonferroni correction for LOD 60/VLOD 65/VLOD 70/VLOD 75 : a=0.0125 and for VLOD

70, GDS 15 o6/VLOD 75, GDS 15 o6 : a=0.025.

*** p<0.001, ** p<0.01, * p<0.05, # p<0.10.
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separately, the dichotomized GDS-15 score increased

the risk for later all-cause dementia and AD but not

the risk for dementia of other aetiology. Very late-

onset depression only marginally increased the risk

for all-cause dementia and dementia of other aeti-

ology. Again, very late-onset depression starting at

age 70 years with current depressive symptoms as

indicated by the dichotomized GDS-15 score was most

predictive and the association was exclusively driven

by a greater than threefold risk for later AD.

When we entered subjective memory impairment as

a variable of three groups (no subjective memory im-

pairment, subjective memory impairment without and

with worries), depression parameters did not predict

any type of dementia except a marginal relationship

between current depressive symptoms and all-cause

dementia and between very late-onset depression and

dementia of other aetiology (see Table 3). Subjective

memory impairment with worries more than doubled

the risk for all-cause dementia, AD, and dementia of

other aetiology.

Discussion

Early-onset depression or depression in general was

not associated with time to conversion to dementia.

Later onset of depression was associated with an in-

creased risk for all-cause dementia driven by an

increased risk for subsequent AD. When we entered

very late-onset depression and depressive symptoms

separately into the adjusted models, very late-onset

depression did not predict subsequent dementia, but

a combination of very late-onset depression and

currently elevated depressive symptoms of clinical

relevance, possibly reflecting depression without re-

mission, was predictive for subsequent dementia. This

association was exclusively driven by an increased

risk for later AD. Currently elevated depressive symp-

toms entered separately into our adjusted models

were associated with subsequent all-cause dementia

and AD, but not with dementia of other aetiology.

In further analysis we found that subjective mem-

ory impairment with worries fully mediated the

association between combined and separately entered

depression parameters and subsequent dementia

which might suggest that depression emerged as a

consequence of a worrisome insight into cognitive

deterioration. Thereby, this study provides further

evidence for the predictive power of subjective mem-

ory impairment in subsequent dementia, especially

in AD.

The present study suggests that depression is a

prodromal feature of AD rather than a risk factor for

it because we found that very late-onset depression in

combination with current depressive symptoms was

most predictive. We did not find that depression in
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Fig. 2. Kaplan–Meier survival curves of time to incidence of Alzheimer’s disease by very late-onset of depression (o70 years)

with current depressive symptoms.
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Table 3. Risk for dementia under consideration of different covariates (age, sex, education, ApoE4), cognition (MMSE, subjective memory impairment) and depression measures (very late-onset

depression and depressive symptoms separately in model 1 and combined in model 2)

All-cause dementia HR (95% CI) Alzheimer’s disease HR (95% CI) Dementia of other aetiology HR (95% CI)

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Covariates and depression parameters

VLOD 70 1.93* (1.11–3.35) 1.89 (0.86–4.14) 2.23# (0.97–5.13)

GDS-15 o6 2.10*** (1.53–2.86) 2.29*** (1.50–3.51) 1.60x (0.95–2.68)

VLOD 70, GDS-15 o6 3.47** (1.63–7.36) 5.48*** (2.41–12.46) No case

Covariates, cognition, and depression parameters

MMSE 0.72*** (0.68–0.75) 0.71*** (0.67–0.75) 0.67*** (0.62–0.72) 0.67*** (0.62–0.72) 0.76*** (0.70–0.83)

SMI (yes/no) 1.50** (1.17–1.92) 1.53** (1.20–1.96) 1.43* (1.01–2.03) 1.42* (1.00–2.01) 1.60* (1.12–2.30)

VLOD 70 1.73# (0.99–3.01) 1.77 (0.80–3.93) 2.14# (0.93–4.90)

GDS-15 o6 1.58** (1.14–2.18) 1.60* (1.02–2.50) 1.29 (0.76–2.18)

VLOD 70, GDS-15 o6 2.18* (1.02–4.68) 3.22** (1.38–7.50) No case

Covariates, cognition, subjective memory impairment (worries) and depression parameters

MMSE 0.71*** (0.67–0.75) 0.70*** (0.66–0.74) 0.66*** (0.61–0.71) 0.65*** (0.61–0.70) 0.75*** (0.69–0.82)

SMI (worries) 2.30*** (1.68–3.13) 2.47*** (1.83–3.34) 2.70*** (1.77–4.13) 2.70*** (1.78–4.11) 2.17** (1.35–3.48)

VLOD 70 1.51 (0.86–2.65) 1.31 (0.58–2.95) 2.05# (0.89–1.97)

GDS-15 o6 1.33# (0.95–1.86) 1.24 (0.78–1.97) 1.15 (0.67–1.97)

VLOD 70, GDS-15 o6 1.52 (0.70–3.32) 1.85 (0.76–4.48) No case

HR, Hazard ratio ; CI, confidence interval ; VLOD 70, very late-onset depression with age 70 years as cut-off ; GDS-15 o6, Short Geriatric Depression Scale (Sheikh & Yesavage, 1986)

score dichotomized by 6 ; VLOD 70, GDS-15o6, combined very late-onset depression with age 70 years as cut-off and GDS-15o6 ; MMSE, Mini-Mental Status Examination (Folstein et al.

1975) ; SMI, subjective memory impairment.

All models adjusted for age, sex, level of education, and ApoE4.

*** p<0.001, ** p<0.01, * p<0.05, # p<0.10.
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general or very late-onset depression independent

of current depressive symptoms was associated with

an increased risk for subsequent dementia, but this

association would be expected if depression is a risk

factor. Prediction of AD by the combination of very

late-onset depression and current depressive symp-

toms was independent of objective cognition. Hence,

clinicians should consider cognitive and depressive

measures, as they do not seem to be redundant but

independently predicted later AD. Subjective memory

impairment is interconnected with depression, it pre-

dicted subsequent dementia of all types in our study,

and can be assessed in a very economical way. Thus,

clinicians should enquire about the memory com-

plaints of patients and take them seriously.

The insidious onset of AD might explain the

stronger relationship with depression parameters. Our

finding that late-onset depression was associated with

an increased risk for subsequent dementia is in accord

with recent studies (Brommelhoff et al. 2009; Li et al.

2011). In accordance with Gatz et al. (2005), we found

that clinically relevant depressive symptoms pre-

dicted later AD. Gatz et al. (2005) did not investigate

the age of depression onset, which may explain their

null finding as history of depression per se was not

associated with later dementia, as in our study. In

another study, depressive symptoms, but not self-

reported history of depression, predicted develop-

ment of vascular dementia, but not AD (Lenoir et al.

2011). These results are contrary to our findings,

although we did not differentiate between dementia

diagnoses other than AD because the resulting groups

would have been too small. Nonetheless, when we

used age 60 years as the cut-off for late-onset de-

pression, we failed to find an association with later

dementia as well. Hence, divergent results regarding

history of depression might in part emerge from

different cut-offs for late-onset depression.

Early-onset major depression up to age 59 years was

not associated with later all-cause dementia, whereas

it was marginally related to a reduced risk of later AD.

It can be argued that this result endangers the validity

of the association between very late-onset depression

and later AD. Because of the retrospective assessment

of depression onset, recall bias might have lowered

report rates of depression in the complete sample and

in pre-dementia or pre-AD subjects in particular. We

now give a number of reasons that might counter the

argument of deficient validity concerning our data on

major depression, although these reasons cannot rule

out that argument completely. We excluded subjects

with a diagnosis of dementia at baseline or follow-up 1

and entered objective cognitive status at follow-up 1 as

a covariate into our adjusted models. Additionally, a

specific recall bias in subjects with later dementia is

less likely because of rather high mean MMSE scores

in follow-up 1, but cannot be discounted because the

global cognition score was already impaired in follow-

up 1 (especially for AD) compared to participants

without dementia. Otherwise, global cognition scores

were reduced in AD and in dementia of other aeti-

ology as well, so that an effect of impaired memory

due to dementia cannot explain the specific associ-

ation between very late-onset depression and AD be-

cause it should also have affected age of depression

onset in dementia of other aetiology, which was not

the case. Barnes et al. (2010) assessed mid- and late-life

depression variables not retrospectively, but at differ-

ent measurement points and found that late-life de-

pression was strongly associated with AD, whereas

chronic depression in mid- and late-life was strongly

associated with vascular dementia. Another study

(Brommelhoff et al. 2009) that used register-based

depression history unaffected by possible recall bias

also found that depression was a prodromal feature of

dementia and AD rather than a risk factor. If subjects

who subsequently developed dementia are more like-

ly to forget depressive episodes in earlier life, hazard

ratios for early-onset depression should be signifi-

cantly decreased, which was not the case.

Our results could be questioned because lifetime

prevalence of depression was rather low, but there are

some reasons that might explain this. Rates of major

depression might be smaller than expected because of

the suggested higher mortality in depressive persons

compared to non-depressive subjects (Blazer, 2003).

Others (Andrade et al. 2003; Kessler et al. 2003) have

already documented a lower lifetime prevalence of

major depressive episodes in older birth cohorts com-

pared to younger ones. Kessler et al. (2005) reported a

lifetime prevalence of major depressive disorder

of 10.6% for a cohort aged o60 years which appears

comparable to our rate of 8.9% in a cohort aged

o75 years. In summary, recall bias might account for

the smaller than expected rate of depression but does

not entirely explain our specific result that very late-

onset depression is a likely prodrome of AD but not of

dementia of other aetiology.

Our study has several strengths such as its

longitudinal design and an extensive assessment of

cognitive and psychiatric variables in a large sample.

Associations with control variables (i.e. ApoE4

genotype) underpinned the validity of dementia di-

agnoses. We assessed psychiatric diagnosis and

symptoms of depression with an instrument that was

designed for geriatric samples. As somatic symptoms,

death concerns, or loss of sexual interest in the elderly

may be part of normal ageing or physical illness

instead of depression, the GDS refers to it to a lesser

extent than other self-report depression scales
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(Montorio & Izal, 1996 ; Arthur et al. 1999). We used

Bonferroni correction which is a conservative method

to deal with the problem of multiple comparisons

when we investigated different age cut-offs for very

late-onset depression and found an increased risk for

subsequent all-cause dementia in participants with

very late-onset depression from age o70 years.

Besides these strengths, there are also some limita-

tions of our study. Our results refer to cases of late-life

dementia and cannot be applied to cases of dementia

with onset at younger ages. We only assessed major

depression and disregarded minor depression and

dysthymia. Although we assessed major depression

following CIDI, our standardized interview was partly

abbreviated and modified as already reported in

the Method section. Depression and dementia can

‘overlap’ in the elderly so that it can be difficult to

disentangle them. They either can be concurrent risk

factors (i.e. persons with depression are less likely to

be diagnosed as demented) or show similar clinical

appearance (i.e. depressed persons are ‘wrongly’

diagnosed as demented). In the literature, the later

phenomenon used to be called ‘pseudo-dementia ’

(Korczyn & Halperin, 2009). Another limitation of our

study is the rather short period of follow-up assess-

ment.

Generalizability might be limited by the fact that

our results refer to a subgroup of 23 participants with

combined very-late onset depression and current de-

pressive symptoms that make up <1% of the whole

sample. Thus, a criticism of our results could be that

they are based only on a fraction of the sample. On the

other hand, those who are part of this small sub-

population show a significantly increased risk for

later AD.

As the development of dementia and especially

AD can be a long-lasting process (e.g. Amieva et al.

2008), the prodromal association between depression

and dementia might even be underestimated in

the present study due to false-negative cases of de-

mentia. Our assumptions to distinguish between de-

pression as a prodrome of and as a risk factor for later

dementia seem plausible but might undermine that

close temporal proximity and persistent depressive

symptoms do not completely eliminate the second

interpretation. The distinction of a risk factor for

and a prodromal state of a disease is hindered by

the fact that the disease might not be identified at the

beginning.

In addition to these limitations that specifically

apply to our study, there are some general problems of

longitudinal studies such as a positive selection bias

when participants were recruited and sample attrition

because some participants were lost due to a number

of reasons in the course of the follow-ups. The sample

might not be representative of the general population

as only GP-registered patients were considered at en-

rolment and might not be representative of other po-

pulations of elderly individuals, as they are survivors

of the Second World War. Future research that in-

cludes prospective assessment in community samples

and starts from early adulthood could reduce recall

bias of depressive episodes.

In sum, we have provided new evidence suggesting

that depression is a prodromal state of subsequent

dementia and AD rather than a risk factor for it be-

cause the combination of very late-onset depression

and current depressive symptoms was most predic-

tive independently of objective cognitive functions.

The association was mediated by worrying subjective

memory impairment. Thus, very late-onset depression

with persistent symptomatology that is based on

worrisome subjective memory impairment in the

elderly might deserve close neuropsychological

monitoring.
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Martin Kaiser, Johannes Bruns, Joachim Homann,

Georg Gorgon, Niklas Middendorf, Kay Menschke,
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