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Abstract Previous research including meta-analytic

efforts supports the assumption that depression is able to

predict dementia. The mechanisms of this association still

remain to be revealed. Some possible explanations as, for

example, the glucocorticoid cascade hypothesis assumes

that there are underlying changes at the cortical level that

drive the association. Therefore, gradual levels of depres-

sive symptoms may also predict gradual change (decline)

in cognitive performance. However, testing both of these

predictions (depressive symptoms lead to dementia, and

depressive symptoms lead to cognitive decline, respec-

tively) with the same data has to our knowledge not been

done in the previous literature. A sample of 562 partici-

pants aged 65 or older was examined four times over a

period of 3 years. Study participants completed established

measures of depression and cognitive functioning. Results

based on Cox regression analysis showed that depressive

symptoms were not able to predict the conversion to

dementia during the following 3 years. Additionally,

structural equation models as well as latent change score

models did not support the assumption that depressive

symptoms predict cognitive decline, measured as a con-

tinuous variable. We discuss several possibilities to explain

these findings including the potential and possible limits of

the glucocorticoid cascade hypothesis.

Keywords Depressive symptoms � Dementia �
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Introduction

There is a high comorbidity of depression and dementia,

particularly with Alzheimer’s disease (AD; Forsell and

Winblad 1998; Skoog 1993; Henderson 1990). However,

the reasons for this comorbidity have not been fully

revealed yet or remain controversial. One possibility is that

depression and dementia appear at the same time, because

they share common risk factors. Given the widely

acknowledged assumption that both disorders have largely

different etiologies and therefore deserve clear distinction

at the diagnostic level (American Psychiatric Association

1995), it seems more likely that one disorder enhances the

probability for the onset of the other. There are, however,

inconsistent findings regarding this point. Some studies

found an increased risk for older adults with depression to

develop AD or major cognitive decline (Bassuk et al. 1998;

Cui et al. 2007; Modrego and Ferrández 2004; Wilson et al.

2008; Irie et al. 2008; Saczynski et al. 2010; Van den

Kommer et al. 2012), whereas others found an increased

risk for people with AD to develop depression (Chen et al.

1999; Vinkers et al. 2004). There are also studies that did

not find a longitudinal, but only a cross-sectional associa-

tion between AD or severe memory decline and depression

(Dufouil et al. 1996; Burke et al. 1988; Ganguli et al. 2006;

Zimprich et al. 2003). It could be that a considerable por-

tion of the observed inconsistency in the previous literature

is due to the great diversity in how depression, AD, or

severe cognitive decline were assessed or statistically

analyzed. Moreover, some of the studies considered

depression and AD as categorical variables, whereas others
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treated depression and cognitive decline as continuous

variables.

To resolve the inconsistency, meta-analyses should be

an appropriate mean, given that a considerable number of

studies has been published on the subject. Indeed, there are

two meta-analyses (Jorm 2001; Ownby et al. 2006) that

came to a similar conclusion, i.e., individuals with

depression revealed twice as high a risk to develop AD

compared to individuals without depression. That is, meta-

analytically it seems to be well established that depression

comes with a significantly increased likelihood to develop

dementia at a later point in time.

However, questions remain in terms of convincing

explanations for this pathway. Various theoretical ideas to

explain this linkage have been suggested. A prominent

example is the glucocorticoid cascade hypothesis (Sapol-

sky et al. 1986). The central tenet of this approach is that

glucocorticoids (GC) are released in reaction to stress (De

Nicola et al. 2009) and during an episode of major

depression (Gallagher et al. 2009). This effect may have an

adaptive function (De Nicola et al. 2009), but prolonged

exposure to a high level of GC may have detrimental

effects on the hippocampus (Lupien et al. 1998). As a

protective mechanism, the hippocampus is involved in a

negative feedback loop. Thus, high levels of GC activate

glucocorticoid receptors at the hippocampus which inhibit

the release of more GC. This negative feedback is affected

by aging (De Nicola et al. 2009). Therefore, higher con-

centrations in older adults do not lead to a sufficient inhi-

bition of GC-release which in turn leads to even higher

concentration of GC in the hippocampus and has adverse

effects in terms of cognitive function. Thus, prolonged

exposure to GC in the hippocampus during an episode of

major depression in older adults may damage the hippo-

campus and thereby lead to memory malfunction.

The situation may be somewhat different, when depres-

sive symptoms become the analytic target. For example,

research on the association of cortisol levels and depressive

symptoms has shown that this association is very likely not

linear. Penninx et al. (2007) found that both very low and

very high levels of cortisol are associated with more

depressive symptoms. They argue that ‘‘low cortisol [is]

(noncausally) accompanied with depression because of

underlying frailty and high cortisol […] [is] a result of

depression’’ (Penninx et al. 2007, p. 528). Bremmer et al.

(2007) also reported a U-shaped association of cortisol level

and the prevalence of major depression. These authors state

that ‘‘this finding [i.e., high cortisol in combination with an

episode of major depression is associated with low cognitive

performance] might be in line with the glucocorticoid cas-

cade hypothesis’’ (Bremmer et al. 2007, p. 484).

The GC cascade hypothesis also postulates a link of

cortisol level and cognitive performance: as cortisol levels

rise, cognitive performance should decrease. However, the

relationship of cortisol levels and cognitive performance

seems to follow an inverted-U-shape (see Lupien et al.

2007): both high and low cortisol levels are associated with

low cognitive performance. Given that older people react

stronger towards a testing situation (i.e., with higher cor-

tisol levels) than younger participants (Kudielka et al.

2004; Lupien et al. 2007) one may argue that older people

are in a state of relatively high cortisol level during the

testing situation. This means that those individuals who

have further enhanced cortisol levels (e.g., as a conse-

quence of enhanced depressive symptoms) may show a

decrease in cognitive performance as postulated by the GC

cascade hypothesis. However, not all data is supportive of

the GC cascade hypothesis. For example, Comijs et al.

(2010) reported data showing that high cortisol levels were

associated with low cognitive performance, but they were

not predictive of cognitive decline over a period of 6 years.

The authors argue, following the argumentation of Brunner

et al. (2006) and Newcomer et al. (1999), that memory

function recovers as soon as cortisol levels are back at a

normal level. But this suggests that constantly high cortisol

levels, which can be expected in depressed persons, should

lead to cognitive decline.

Nevertheless, the GC cascade hypothesis is not the only

theoretical explanation linking depressive disorders to the

onset of dementia. For example, Byers and Yaffe (2011)

argue that vascular disease might play a role in this linkage.

This ‘‘vascular depression hypothesis’’ (Alexopoulos et al.

1997) states that cerebrovascular disease can be a predis-

position for, a cause of, or a perpetuating factor for

depressive disorders in later life. Following this argumen-

tation, depression could either lead to vascular disease,

which in turn can lead to the onset of dementia, or it could be

a mediator linking vascular disease to the onset of dementia.

Another explanation for the high comorbidity of

depression and dementia is that depression could be a pro-

dromal state of dementia. This would suggest that neuro-

biological changes in the preclinical stage of dementia, such

as the loss of noradrenergic neurons, give rise to the devel-

opment of depressive symptoms. This explanation suggests

that the causal pathway as compared with the GC hypothesis

may actually be reversed: Dementia (or to be more precise:

pre-clinical dementia) may increase the risk of the onset of

depression. However, there are also problems with this view.

For example, early-life depression (occurring before the age

of 60) has also been found to be a risk factor for dementia

(e.g., Geerlings et al. 2008; Dotson et al. 2010; for a review,

see Byers and Yaffe 2011), and a meta-analysis showed that

length of interval since diagnosis of depression was posi-

tively related to the increased risk to develop dementia

(Ownby et al. 2006). Such evidence is opposed to the view of

depression being a prodrome of dementia.
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Taken together, fully convincing models to explain the

linkage between depression and dementia do still not exist,

although it seems likely that, as Byers and Yaffe (2011) put it,

the ‘‘underlying pathway linking depression to dementia is

multifactorial, and the proposed mechanisms are probably not

mutually exclusive’’ (p. 329). This study aims to add a

missing link to the existing empirical evidence, which may

also contribute to a more differentiated understanding of the

frequently (but not always) found depression–dementia

pathway. Particularly, we focus on depressive symptoms

instead of a clinical diagnosis of depression and on both a

clinical diagnosis of dementia and continuous cognitive

decline. There is some evidence suggesting that there is a

linear relationship between the number of depressive symp-

toms and the incidence of dementia. For example, Wilson

et al. (2002) reported that for each additional depressive

symptom the risk for the onset of dementia increased by

20 %. This effect was also found among participants with

relatively mild depressive symptomatology, i.e., participants

who would not have met the criteria for the diagnosis of an

episode of major or minor depression. Similarly, Saczynski

et al. (2010) reported that both depression as a dichotomous

variable and number of depressive symptoms can predict

conversion to dementia. Again, the heightened risk to convert

to dementia could also be found when taking a continuous

measure of depression. Therefore, by using established clin-

ical criteria for the diagnosis of dementia, our first research

goal is to replicate the emerging evidence that depressive

symptoms can predict the incidence of dementia.

Another question is whether such a risk constellation

can also be observed, when taking continuous variables to

indicate cognitive decline into account. It is clear that

going for such continuous variables is not completely

comparable to a yes–no case definition approach, because

cognitive decline is not equivalent to the development of

dementia. Notably as one of the rare studies in this context,

Zimprich et al. (2003) did not find a significant longitudinal

association of depressive symptoms and cognitive decline

in their community-dwelling sample. Therefore, our sec-

ond research goal was to impose another empirical test on

the question, whether depressive symptoms are able to

predict continuous cognitive decline over time.

Testing both predictions in the same sample has the

advantage that sample characteristics and the measurement

instruments are being held constant.

Method

Study design and sample

The sample consisted of participants who were recruited

during a hospital stay in the internal medicine wards of

three general hospitals in the city of Munich, Germany.

The inclusion criteria were age between 65 and 85 years

and residence in the greater Munich area. The age limit of

85 years was introduced since otherwise a very high

attrition rate due to mortality would be expected in this

prospective study, designed to run over several years. The

major reason why this specific sample suits the research

questions of this study particularly well is that the sample

was expected to have a relatively high incidence rate

of dementia across the rather short observation period

of 3 years. Exclusion criteria were very severe physical

illnesses which according to a physician’s rating would

prove lethal within a year or in which complications were

to be expected due to participation in the study; previously

extant dementia; residence in a nursing home; the need for

nursing care according to the criteria of the German long-

term care insurance plan1; blindness or deafness; insuffi-

cient German language skill; planned discharge within

48 h. All in all, 2,741 patients fulfilled the inclusion cri-

teria, 1,515 (55.3 %), however, exhibited one or more

reasons for exclusion. Of the 1,226 patients available who

did not meet any exclusion criteria, 809 (66.0 %) agreed to

participate in the study.

The study protocol was approved by the institutional

review board of the faculty of medicine at the Technical

University of Munich and written informed consent was

obtained from the participants. Participants were examined

five times by trained physicians and psychologists. The first

examination took place during the hospital stay (between

April 1999 and March 2001), the first follow-up exami-

nation approximately 3 months after discharge from the

hospital (M = 14.7 weeks; SD = 10.1). Thereafter, three

additional measurement occasions took place, i.e., 1, 2, and

3 years after the second examination, respectively. We will

exclude in this study the originally first measurement point,

because procedures differed slightly between the sessions

in the hospital and sessions at participants’ homes. That is,

our study starts with the first follow-up 3 months after

discharge (t1), followed by another three measurement

points (t2–t4). Of the 809 participants in the baseline

assessment, 562 (69.5 %) participated at t1. Reasons for

dropout were: conversion to dementia before t1; severe

physical illness; death of participant; participant refused to

participate. Drop-outs were compared to the remaining

participants on those study variables that were assessed at

1 In the year 1995 Germany introduced a statutory long-term care

insurance. People who are persistently dependent on the assistance of

caregivers are eligible for benefits from this insurance. These

participants were excluded from this study as people in need for

nursing are often diagnosed with dementia and have lower life

expectancies. Because this study was planned as a longitudinal study

to investigate the precursors of and risk factors for dementia (see

Bickel et al. 2006), this exclusion criterion seemed justifiable.
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the baseline assessment (results shown below after intro-

duction of measures).

Measures

Cognitive functioning

To assess cognitive functioning we used the Mini Mental

State Examination (MMSE; Folstein et al. 1975), the syn-

drome short test (Syndrom-Kurz Test, SKT; Erzigkeit

2001), and the Clinical Dementia Rating Scale (CDR;

Hughes et al. 1982). The MMSE consists of 30 items and

tests memory performance, executive functioning, and ori-

entation. The range is from 0 (worst performance) to 30

(perfect performance). Internal consistency across the four

measurement occasions of the present study ranged from

a = .67 (t1) to a = .86 (t4). The SKT is a brief instrument

that tests memory performance and attention. It consists of

nine subtests (three tests for memory performance and six

tests for attention). For each of the nine subtests a score of

zero means best performance and a score of three indicates

worst performance. The subtest scores are summed up, i.e.,

the range is from 0 (best performance) to 27 (worst perfor-

mance). Internal consistency in this study ranged from

a = .79 (t1) to a = .86 (t4). After each session the severity

of cognitive impairment was rated on the CDR based on all

available information. Possible CDR scores are 0 (no cog-

nitive impairment), 0.5 (very mild dementia), 1 (mild

dementia), 2 (moderate dementia), and 3 (severe dementia).

Depressive symptoms

Depressive symptoms were assessed using the 15-item ver-

sion of the Geriatric Depression Scale (GDS; Sheikh and

Yesavage 1986) and the short scale mood/activation (Kurzs-

kala Stimmung/Aktivierung, KUSTA; Binz and Wendt

1986). The range for the GDS is from 0 (no depressive

symptoms) to 15 (high depressive symptoms). Internal con-

sistency ranged from a = .73 (t1) to a = .76 (t4). The KU-

STA consists of three items and participants were instructed to

rate their current mood and activation on a seven-point Likert

scale. The range therefore is from 0 (high depressive symp-

toms) to 21 (no depressive symptoms). Internal consistency

ranged from a = .61 (t1) to a = .69 (t3).

The data was transformed so that high scores indicate good

cognitive performance (MMSE and SKT) and high depressive

symptoms (GDS and KUSTA), respectively. Table 1 gives an

overview of the descriptive statistics of the sample.

Additional measures

Additional data was collected, including participants’

gender, age, and years of education. 59.6 % of the

participants were female. On average, participants were

75.7 years old at t1 (SD = 5.51), and had 9.57 years of

education (SD = 2.85). Finally, the severity of physical

illness was assessed using the Charlson Comorbidity Index

(Charlson et al. 1987). This score indicates the number of

comorbid diseases weighted by the severity of the disease;

the mean score in our sample was 1.64 (SD = 1.41).

Drop-out analysis

Drop-outs between baseline assessment and t1 were

younger, had higher comorbidity scores, and lower MMSE

scores at the baseline assessment (all ts [ 2.17, all

ps \ .05) than the remaining participants. Selective drop-

out of depressed participants would not be unexpected, as

depression has been found to be linked to higher comor-

bidity, mortality, as well as more and longer hospital stays

(Prina et al. 2012); however, KUSTA scores at baseline

assessment did not differ between drop-outs and the

remaining sample (t(804) = 1.18, p = .238).

Data transformation and data analysis

Regarding our first research question, participants were

classified as demented if their CDR score at the respective

measurement occasion was greater than 0.5 (Hughes et al.

1982). We then conducted a Cox regression survival

analysis with time-to-event (demented vs. not demented) as

dependent variable. In a first step, we entered age, gender,

years of education, and comorbidity into the regression. In

a second step, we entered the GDS score at t1. Time-to-

event was calculated as time from t1 assessment to the last

assessment in the study (in days) for those participants

whose CDR scores were not greater than 0.5 at any mea-

surement occasion. For the other participants, time-to event

was defined as follows: If the first time the CDR score was

greater than 0.5 at the nth measurement occasion, time-to

event was calculated as time from t1 to t(n - 1) plus half

the time interval between t(n - 1) and tn. If, for example, a

participant’s CDR score was greater than 0.5 at t3 (and less

than or equal 0.5 at t1 and t2), time-to-event was calculated

as (time in days between t1 and t2) ? (time in days

between t2 and t3)/2. This was done because the exact day

of the onset of dementia is unknown. Therefore, the best

approximation is that it happened halfway between mea-

surement occasions.

In order to address our second research question, a

structural equation model (SEM) approach was used in the

first step. For each measurement occasion, GDS scores and

KUSTA scores were used as manifest indicators for the

latent depressive symptoms factor. Also, for each mea-

surement occasion, MMSE and SKT scores were used as

40 Eur J Ageing (2013) 10:37–48
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manifest indicators for the latent cognitive performance

factor (in the following called ‘‘cognition’’). The weights of

MMSE scores and GDS scores, respectively, were fixed to

one across all measurement occasions in order to scale the

latent factors (Schumacker and Lomax 2010). In the second

step, we used a latent change model (LCM) Type II

approach (Steyer et al. 1997). That is, for each measure-

ment occasion GDS scores and KUSTA scores were used

as manifest indicators for the latent depressive symptoms

factor. The latent cognitive performance factors were

modeled as follows: There were four latent factors, the first

of which can be interpreted as the true state of cognitive

performance at t1 (in the following called ‘‘cognition

baseline’’). The other three factors (in the following called

‘‘cognition change’’) can be interpreted as latent change

compared to the previous measurement occasion (i.e., the

latent change in cognitive performance from t1 to t2, from

t2 to t3, and from t3 to t4, respectively; see Steyer et al.

1997). MMSE and SKT scores at t1 were used as indicators

for the latent cognition baseline factor only; MMSE and

SKT scores at t2 were used as indicators for the latent

cognition baseline factor and the first cognition change

factor; MMSE and SKT scores at t3 were used as indicators

for the latent cognition baseline factor and the first two

cognition change factors; and MMSE and SKT scores at t4

were used as indicators for all four latent factors. All latent

cognition factors, thus, can be interpreted as latent change

compared to the previous measurement occasion (see Ste-

yer et al. 1997). Again, the regression weights of GDS

scores were fixed to one across all measurement occasions

in order to scale the latent depressive symptoms factor.

Additionally, the regression weight of MMSE at t1 on the

cognition baseline factor was fixed to one, as were

the regression weights of the other MMSE scores on the

respective cognition change factors (Schumacker and

Lomax 2010). For both models, the latent measurement

errors for the four SKT scores were allowed to co-vary, as

were the latent measurement errors for the four KUSTA

scores. The level of factorial invariance across time

(Meredith 1993) was assessed following recommendations

by Dimitrov (2010).

Analyses were conducted using SPSS Version 20 for

Windows and Mplus Version 5 for Windows (Muthén and

Muthén 2007).

Results

Predicting dementia as a function of depressive

symptoms

In the course of the study, a total of 84 participants converted

to dementia across the 3-year observation period. Another

16 participants who were classified as demented at t1 were

not included in the analysis. In a first step, age, gender, years

of education, and the Charlson Comorbidity Index were

entered as covariates into a Cox regression analysis with

time-to-event (demented vs. not demented) as dependent

variable. The overall model was significant, v2(4) = 32.86,

p \ .001. In a second step, GDS score at t1 was entered into

the regression. The overall fit increased, but this increase

failed to reach significance, vdiff
2 (1) = 1.89, p = .170. Also,

the regression weight for GDS score was not significant,

b = .06, Wald(1) = 1.98, p = .160. The Hazard Ratio for

GDS score was 1.06 (95 % CI: [0.98; 1.15]). Of the covar-

iates, only the regression weight for age became significant,

b = .04, Wald(1) = 28.10, p \ .001; the regression

weights for the covariates gender, years of education and

comorbidity did not reach significance (all ps [ .255).

Figure 1 depicts the cumulated hazard for the onset of

Table 1 Sample descriptives

t1 t2 t3 t4

N 562 467 413 351

Female 59.6 % 60.4 % 60.3 % 59.3 %

Age mean (SD) 75.7 (5.52) 76.7 (5.51) 77.6 (5.52) 78.4 (5.49)

MMSE mean (SD) 26.5 (2.58) 26.5 (2.96) 25.9 (3.95) 25.9 (4.23)

SKT mean (SD) 23.2 (3.82) 23.3 (4.17) 22.7 (4.95) 22.7 (5.22)

GDS mean (SD) 3.50 (2.66) 3.38 (2.71) 3.37 (2.75) 3.35 (2.79)

KUSTA mean (SD) 7.66 (4.34) 7.55 (4.41) 7.72 (4.68) 7.11 (4.65)

Demented (CDR [ .5) 2.8 % 10.1 % 15.3 % 17.8 %

Note: SKT scores and KUSTA scores have been transformed with high scores indicating high cognitive performance (SKT) and high depressive

symptoms (KUSTA), respectively

N sample size, MMSE Mini Mental State Examination, SKT Syndrome Short Test, GDS Geriatric Depression Scale, KUSTA short scale mood/

activation, CDR Clinical Dementia Rating, SD standard deviation
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dementia as a function of time and depressive symptoms.2

Although Fig. 1, based on a median split of the depressive

symptom score, suggests that there seems to be some truth in

the depressive symptoms—dementia pathway, we were not

able to confirm a statistically meaningful linkage between

depressive symptoms and the prospective occurrence of

dementia in our data after adjustment for confounders.

Testing temporal relationships among depressive

symptoms and continuous cognitive decline

A crucial issue when applying structural equation models to

longitudinal data is to assess whether the assumption of

factorial invariance across time is tenable. According to

Meredith (1993), there are different levels of factorial

invariance. Configural invariance means that the number of

latent factors remains constant across time. This assumption

is clearly met in this analysis, as there was one latent cog-

nition factor and one latent depressive symptoms factor at

each measurement occasion. Weak factorial invariance

means that the factor loadings of the manifest indicators

remain constant across measurement occasions. Strong

factorial invariance can be assessed by further constraining

the intercepts of the manifest indicators to be equal across

time. Under strict factorial invariance, the residual variances

of the manifest indicators have to be equal across time as

well. In order to determine the level of factorial invariance in

the data, measurement models were built as described above

for the SEM. The eight latent factors (four cognition factors

and four depressive symptom factors) were allowed to co-

vary. This model served as baseline measurement model

under the assumption of configural invariance.

The assumption of weak factorial invariance was tested

by constraining the loadings of the indicators to be equal

across time. This was accomplished by constraining the

regression weights of the SKT scores to be equal across

time, and by constraining the regression weights of the

KUSTA scores to be equal across time.3 To test the

assumption of strong factorial invariance, the intercepts of

the four MMSE scores and the four GDS scores were

constrained to be zero, the intercepts of SKT and KUSTA

scores, respectively, were constrained to be equal across

time, and the means of the latent cognition and latent

depressive symptom factors were explicitly estimated (see

Dimitrov 2010). Finally, to test the assumption of strict

factorial invariance, the residual variances of the MMSE

scores were constrained to be equal across time, as were

the residual variances of the four SKT scores, the four GDS

scores, and the four KUSTA scores, respectively. Because

these models are nested models, Chi-square difference

scores can be used for model comparisons. As can be seen

from Table 2, model fit did not statistically differ between

the baseline model and the model under the assumption of

weak factorial invariance (v2(6) = 11.73, p = .068) and

between the model under the assumption of weak factorial

invariance and the model under the assumption of strong

factorial invariance (v2(6) = 5.97, p = .427). However,

the model under the assumption of strict factorial invari-

ance fitted significantly worse than the model under the

assumption of strong factorial invariance (v2(12) = 72.95,

p \ .001). The other fit indices in Table 2 also favor the

model under the assumption of strong factorial invariance.

Therefore, the model that we used to test our hypothesis

that depressive symptoms predict cognitive performance

was built under the assumption of strong but not strict

factorial invariance.

Figure 2 depicts the SEM tested and Table 3 shows the

standardized regression coefficients for the manifest indi-

cators of the latent variables. The overall Chi-square test

reveals that there was not a good fit for the specified model

assuming that depressive symptoms lead to lowered

Fig. 1 Cumulated hazard for the onset of dementia as a function of

time and depressive symptoms (for illustrative purposes a median

split was performed for the predictor GDS score at t1). GDS Geriatric

Depression Scale

2 We used CDR [ .5 as cut-off because we did not expect many

participants to develop moderate to severe dementia (CDR [ 1)

within this short measurement interval. Nevertheless, we repeated the

analyses using a more strict criterion (classifying only participants

with a CDR score of 2 or 3 as demented). The results obtained in this

analysis did not change, the regression coefficient for the GDS score

remained insignificant.

3 Please note that the regression weights of MMSE scores and GDS

scores have already been fixed to be one in the configural invariance

model.

42 Eur J Ageing (2013) 10:37–48

123



cognitive functioning. Considering the relatively large

sample size this test might, however, be too liberal

(Schumacker and Lomax 2010). Therefore, with large

sample sizes, using other fit indices such as the Root Mean

Square Error of Approximation (RMSEA) and the Com-

parative Fit Index (CFI) is more appropriate. These fit

parameters indicated that the model provides a good fit for

the data. Although the lagged coefficients for the latent

cognition factors were high (ranging from .88 to .95), the

residual variances of these factors were statistically sig-

nificantly greater than 0 (all ps \ .001). This means that

cognitive performance is rather stable across time, but it is

not perfectly predicted by cognitive performance at the

preceding measurement occasion. However, the predicted

regression weights from the latent depressive symptoms

factor to the latent cognition factor were all not significant

(all ps [ .083; Fig. 2). When these three regression

weights were fixed to zero, model fit did not change sig-

nificantly, vdiff
2 (3) = 5.48, p = .140. Thus, our SEM

approach did not support a meaningful relationship

between depressive symptoms and cognitive performance.

Going further, we additionally tested a LCM as depicted

in Fig. 3; Table 4 shows the standardized regression

coefficients for the manifest indicators of the latent vari-

ables.4 The overall Chi-square test shows that there was not

an adequate model fit, while other fit indices reveal an

acceptable overall model fit. However, the regression

weights from the latent depressive symptoms factors to the

latent cognition change factors were all not significant (all

ps [ .118). When these three regression weights were fixed

to zero, model fit did not change significantly, vdiff
2 (3) =

3.60, p = .308. Thus, the LCM analysis again confirmed

that depressive symptoms cannot predict cognitive decline.

Discussion

Overall, our results convergently show that depressive

symptoms were not able to predict a person’s risk to develop

dementia across a 3-year observational interval. We did not

anticipate this result, as prior research has shown, that

depressive symptoms are associated with greater incidence

of dementia (Wilson et al. 2002; Saczynski et al. 2010).

These diverging findings could be the result of measurement

instruments and applying different diagnostic criteria, length

Fig. 2 Structural Equation Model. Model parameters: v2(94) =

200.16, p \ .001, RMSEA = .045, CFI = .977. *p \ .001

Table 2 Assessing the level of factorial invariance (SEM)

vdiff
2 (df) CFI RMSEA AIC

Configural Invariance 107.94* (64) .990 .035 33199.67

Weak Factorial Invariance 11.73 (6) .989 .036 33199.39

Strong Factorial Invariance 5.97 (6) .989 .034 33193.36

Strict Factorial Invariance 72.95* (12) .976 .047 33242.30

CFI comparative fit index, RMSEA root mean square error of approximation, AIC Akaike information criterion

* p \ .05

4 Please note that this model was built under the assumption of strict

factorial invariance for the latent depressive symptoms factor. Here,

too, the level of factorial invariance across time was determined using

the approach described above. Assessing factorial invariance for the

cognition change factors was not appropriate given the different

approach with which they were modeled. Therefore, factorial

invariance was only determined for the latent depressive symptoms

factor. The results of this analysis mirror the results for the SEM

approach with one exception: the model under the assumption of strict

factorial invariance did not fit significantly worse than the model

under the assumption of strong factorial invariance, vdiff
2(6) = 8.58,

p = .199. Therefore, the model used for the LCM approach was

tested under the assumption of strict factorial invariance for the latent

depressive symptoms factor.
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of the observation period, statistical power due to different

numbers of dementia cases, or low reliability of the effect.

As to the first possibility, measurement instruments and

diagnoses of dementia cases were not identical across pre-

vious studies. Whereas both, Wilson et al. (2002) and Sac-

zynski et al. (2010) used the Center for Epidemiologic

Studies Depression Scale (CES-D; Radloff 1977), the

present results are based on the GDS. Additionally, while

Wilson et al. used a 10-item short version of the CES-D and

calculated the effect for every one-point increase in the CES-

D scale, Saczynski et al. used the 60-item version and

calculated the effect for every 10-point increase in this scale.

Furthermore, Wilson et al. (2002) based the diagnosis of

dementia on the criteria for probable or possible AD

according to the criteria of the National Institute of Neuro-

logic and Communicative Disorders and Stroke and the AD

and Related Disorders Association (NINCDS/ADRDA;

McKhann et al. 1984); Saczynski et al. relied on the criteria

of the DSM-IV (American Psychiatric Association 1995).

One might argue that, as the criterion in this study was less

stringent, this might have lead to a number of false positive

diagnoses in our sample. Although we cannot exclude this

possibility, we argue that this was not the main reason why

our results differed from the results obtained by the other

two studies, as using a more strict criterion did not change

the results (see also Footnote 2).

Concerning the second possibility, the length of the

observation period in this study (3 years) was shorter than

the length in the Wilson et al. study (up to 7 years) or the

length in the Saczynski et al. study (up to 17 years). One

could argue that the interval in this study was simply not

long enough to detect the effect of depressive symptoms on

the incidence of dementia. This is especially true when

considering the finding by Ownby et al. (2006) that the

effect of depression on the incidence of dementia increases

as the interval between the diagnosis of depression and the

onset of dementia increases.

Additionally, the shorter interval in this study also came

with a lower number of dementia cases (84 cases) compared

to the Wilson et al. and Saczynski et al. studies (108 and 164,

respectively), and in turn with decreased statistical power.

However, the effect sizes in these two studies were sub-

stantial (Hazard Ratios 1.19 and 1.41, respectively). If a

similarly large effect had been present in our sample, sta-

tistical power would have been sufficient to detect it.

One final reason to explain the diverging results might be

that the mechanism that is driving the increased risk for

persons with depression (as a dichotomous variable) to

develop dementia cannot be observed when using depres-

sive symptoms (as continuous variable). This interpretation

Fig. 3 Latent Change Model. Model parameters: v2(89) = 299.73,

p \ .001, RMSEA = .065, CFI = .954. *p \ .001

Table 3 Standardized regression coefficients for the manifest indicators of the latent variables (Structural Equation Model)

Cognition t1 Cognition t2 Cognition t3 Cognition t4

MMSE .82? .90? .92? .87?

SKT .72* .79* .85* .87*

Depressive symptoms t1 Depressive symptoms t2 Depressive symptoms t3 Depressive symptoms t4

GDS .87? .89? .93? .96?

KUSTA .61* .61* .65* .65*

MMSE Mini Mental State Examination, SKT Syndrome Short Test, GDS Geriatric Depression Scale, KUSTA short scale mood/activation

* p \ .001, ? unstandardized regression weights were fixed to 1. Please note that the unstandardized coefficients of the indicators were restrained

to be equal across measurement occasions. Further explanations can be found in the text
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receives some support from the inconsistent results regard-

ing the predictive validity of depressive symptoms for the

incidence of dementia. In line with our results, Becker et al.

(2009) did not find a longitudinal association of depressive

symptoms and conversion to dementia either. Therefore,

whereas the longitudinal association of depression and

dementia has been established meta-analytically, the asso-

ciation of depressive symptoms and incidence of dementia is

less well established. Our second main result that depressive

symptoms cannot predict cognitive performance (as a con-

tinuous variable) or cognitive decline is also in line with the

interpretation that the mechanism responsible for the

depression-dementia association (Jorm 2001; Ownby et al.

2006) does not work for the continuous variable depressive

symptoms. This finding is also consistent with data reported

by Zimprich et al. (2003) who also did not find a longitudinal

association of depressive symptoms and continuous cogni-

tive performance decrements.

Taken together, our findings are contrary to the predic-

tions made by GC cascade hypothesis (Sapolsky et al.

1986), which would predict that heightened number of

depressive symptoms should lead to an increased incidence

of dementia and predict cognitive decline. None of these

effects were observed in our data. We cannot exclude,

however, the possibility that accumulating depressive

symptoms lead to increased cortisol levels as assumed by

the GC cascade hypothesis, because we did not measure

cortisol levels. Thus, there are two possibilities to discuss

our findings in light of the GC cascade hypothesis. First,

the GC cascade mechanism can explain the depression-

dementia link, but depressive symptoms do not increase

cortisol levels. However, prior research suggests that high

number of depressive symptoms (measured as a continuous

variable) lead to high cortisol levels (Penninx et al. 2007).

The second possibility is that the GC cascade mechanism is

not the causal factor underlying the depression-dementia

link. This argumentation is also in line with results reported

by Comijs et al. (2010) who found that cortisol levels could

not predict cognitive decline.

As reported in the introduction, the association between

cortisol levels and cognitive performance follows an

inverted-U-shape, i.e., both low and high cortisol levels are

associated with low cognitive performance (Lupien et al.

2007). So far we have only elaborated on the right end of

this inverted-U (association of high cortisol level and low

cognitive performance). As high numbers of depressive

symptoms are related to both low and high cortisol levels

(Penninx et al. 2007) the possibility remains that those

participants who had a relatively high number of depres-

sive symptoms and high cortisol levels did have increased

risk to develop dementia, and those participants who had a

relatively high number of depressive symptoms but low

cortisol levels did not have this elevated risk. Such an

explanation would be partially consistent with the GC

cascade hypothesis by explaining the depression–dementia

link for those participants with depression and elevated

cortisol levels only. The other group (depression plus low

cortisol levels) would then either be subject to a different

mechanism (e.g., cerebrovascular disease, cf. Alexopoulos

et al. 1997) or not show an elevated risk to develop

dementia. On the other hand, as low cortisol levels are also

associated with low cognitive performance, one could also

expect this group to show an elevated risk to develop

dementia. However, it is not possible to answer the ques-

tion whether this was the case in our sample as cortisol

levels were not assessed.

The major strength of this study is the multifaceted

statistical approach taken to test the study hypotheses. As

Table 4 Standardized regression coefficients for the manifest indicators of the latent variables (Latent Change Model)

Cognition baseline Cognition change t2 Cognition change t3 Cognition change t4

MMSE t1 .66? – – –

SKT t1 .79** – – –

MMSE t2 .83** .27? – –

SKT t2 .90** -.10 – –

MMSE t3 .80** .31** .36? –

SKT t3 .83** -.02 .40** –

MMSE t4 .77** .24* .19** .51?

SKT t4 .87** -.21 .40** .15

Depressive symptoms t1 Depressive symptoms t2 Depressive symptoms t3 Depressive symptoms t4

GDS .90? .91? .92? .92?

KUSTA .61** .62** .65** .65**

MMSE Mini Mental State Examination, SKT Syndrome Short Test, GDS Geriatric Depression Scale, KUSTA short scale mood/activation

* p \ .05, ** p \ .001, ? unstandardized regression weights were fixed to 1. Please note that the unstandardized coefficients of the indicators

GDS and KUSTA were restrained to be equal across measurement occasions. Further explanations can be found in the text
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our results are supported by a typically epidemiologic

approach (Cox regression) and by two psychometric

approaches (SEM and LCM) we are confident about the

validity of our results. Furthermore, the fit indices were in

an acceptable (LCM) to very good (SEM) range which

further increases the credibility of our results.

Nevertheless, the present study comes with a number of

limitations. In our study, no clinically established diagnosis

of depression was available. Therefore, a direct comparison

with the results reported in the two meta-analyses (Jorm

2001; Ownby et al. 2006) is not possible. Another limita-

tion can be seen with regard to the assessment of cognitive

performance. Although the MMSE is widely used for

assessment of mild cognitive impairment and dementia, it

is not very sensitive to gradual changes in cognitive per-

formance (Zimprich et al. 2003). Therefore, one might

argue that we could not capture small gradual changes in

cognitive performance of the non-demented participants.

However, we modeled cognitive performance at the latent

level by means of the MMSE and the SKT and therefore

this problem may have been reduced at least to some

extent. One should also note that the overall model fit of

the LCM indicates that there was sufficient variance in the

cognitive change variables. This does of course not rule out

the possibility that we might have obtained different

results, when using cognitive tests that are more sensitive

to gradual changes such as the digit symbol test. Going

further, our observation period of 3 years may have been

simply not long enough to see the effect of depressive

symptoms on cognitive performance. As discussed above

the measurement intervals reported by Wilson et al. (2002)

and Saczynski et al. (2010) were longer than 3 years. One

could argue that number of depressive symptoms is only

predictive for the incidence of dementia in a longer time

span (Ownby et al. 2006). Whether this association is also

true for depressive symptoms (as a continuous variable) is

a question that needs to be addressed by future research. In

addition to a rather short observation period, the length

between the measurement occasions differed slightly

between participants in our sample. If timing of the mea-

surement occasions would be correlated with our study

variables, this could likely have confounded our results.

However, interval length between the measurement occa-

sions was not correlated with age, comorbidity, GDS score

at t1 or MMSE score at t1, all |r|s \ .08, all ps [ .081. It,

thus, seems unlikely that this could have biased our results.

Also, our sample of participants originally recruited in

internal medicine wards of general hospitals may have

possessed particular features, which may have had some

impact on the depressive symptoms–cognitive performance

linkage. For example, our sample may have been some-

what more unhealthy than the general population and this

may have overshadowed the depressive symptoms–

cognitive performance pathway. Depressive symptoms,

which were assessed 3 months after discharge from the

hospital, could reflect prior and current health problems.5

We cannot be certain that this pattern of results can also be

found in a more representative sample. Regarding the role

of education, more than 60 % of our participants had only

the most basic education in the German educational sys-

tem. Only 10 % of our sample had a college degree.

Therefore, level of education in our sample was not

unusually high, but rather in an expected range for an urban

population. Also, drop-out analyses support the notion that

the remaining sample from baseline to t1 was not less

depressed as compared to drop-outs. Additionally, our data

did not allow to test the glucocorticoid cascade hypothesis

or related neurobiological ideas directly, that is, further

research able to shed more light on the mechanisms

involved should consider to include behavioral measures as

well the assessment of neurochemical correlates.

Future research is clearly needed to better understand

the depression–cognitive impairment pathway, resolve

remaining inconsistencies, and to shed more light on the

mechanisms that underlie the interplay between depression,

cognitive impairment and dementia.
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