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Abstract

INTRODUCTION: Depression commonly accompanies Alzheimer’s disease, but the nature of
this association remains uncertain.

METHODS: Longitudinal data from the COSMIC consortium were harmonized for 8 population-
based cohorts from 4 continents. Incident dementia was diagnosed in 646 participants, with a
median follow-up time of 5.6 years to diagnosis. The association between years to dementia
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diagnosis and successive depressive states was assessed using a mixed effect logistic regression
model. A generic inverse variance method was used to group study results, construct forest plots,
and generate heterogeneity statistics.

RESULTS: A common trajectory was observed showing an increase in the incidence of
depression as the time to dementia diagnosis decreased despite cross-national variability in
depression rates.

DISCUSSION: The results support the hypothesis that depression occurring in the pre-clinical
phases of dementia is more likely to be attributable to dementia-related brain changes than
environment or reverse causality.

Keywords

depression; dementia; incidence

BACKGROUND

Depression is closely associated with Alzheimer’s disease (AD), with depression prevalence
being estimated at around 50% in clinically diagnosed cases (1, 2). However, the underlying
mechanism which links the two pathologies is still uncertain, with the chief debate being
whether depression in later life is an independent risk factor for dementia, a prodromal
symptom (a state preceding clinical signs) or a reaction to loss of competence (3-7).

Overall little is known about the natural course of depression in AD because of fluctuations
in depressive symptoms over time and differences in research methodology (8), notably how
depression is measured (screening scales, clinical diagnosis, application of diagnostic
algorithms, medical records). While data from the Chicago Health and Aging Project have
shown depressive symptoms to remain relatively stable during the prodromal period and
after the diagnosis of AD (9, 10), longer term prospective studies reaching back into the pre-
clinical phases of AD are sparse. Several epidemiological studies assert that depression
onset occurs mostly within a few years preceding the diagnosis of AD dementia, and is
therefore prodromal (5), whereas a 10 year retrospective study of clinical and biomarker
changes in persons with incident AD observed that depressive symptomatology was
significantly higher ten years before dementia diagnosis, with no change in the strength of
the association over the time period, independently of changes in other AD markers (11).
This relative stability of depression symptom severity across time contrasted with the
sigmoidal trajectory associated with established biomarkers, thus suggesting depression to
be a risk or accelerating factor rather than a feature of the disease process. A population-
based study that examined associations between depression and dementia over 17 years
found that, after controlling for age and sex, depression almost doubled the risk of dementia
and AD (12). Different trajectories of depression may also be associated with different risks
of developing AD. It has been shown that depressive symptoms increasing over a period of
10 years were associated with a higher risk of subsequent AD compared to stable or
fluctuating depressive symptoms, suggesting that depression and AD could be
manifestations of a common cause, with depressive symptoms preceding the onset of AD
(13).
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Cross-national differences in AD-related depression trajectories may help resolve the
question of the direction of causality. Depression prevalence, patterns of depressive
symptomatology (affective versus somatic), risk factors for depression and social stigma in
relation to dementia are known to vary widely across ethnic groups (14-16) whereas the
underlying brain changes may be expected to be similar.

This study is designed to test the hypothesis that trajectories of increasing depression
incidence in the pre-clinical and prodromal phases of dementia will be comparable across
geographic regions, countries, and cultures. If so, we could conclude that depression may be
more likely related to the same underlying brain changes that cause dementia. Alternatively,
if we found significant variation among the trajectories, we could conclude that depression
might be an independent risk factor for, or a reaction to loss of cognitive competence, lack of
social support, or pre-existing depressive states. Being principally descriptive, this study is
not designed to establish causality or improve previous methodologies, but rather introduces
an alternative approach (trajectory description) to complement current knowledge.

The present study used eight prospective epidemiological data sets from the COSMIC
collaboration to examine trajectories of depression in the pre-clinical phase of AD and their
heterogeneity across countries. As few population studies have differentiated AD from other
dementias and mixed states we have included all persons diagnosed with dementia as these
will be predominantly AD or mixed dementias.

METHODS

Contributing studies and participants

We included participants diagnosed with dementia from eight longitudinal population-based
studies involved in the COSMIC consortium (17) in which measures of depression and
dementia were performed over time. In all studies AD was the principal diagnosis, however,
the distinction between AD and other causes of dementia could not be reliably made across
studies. Table 1 describes the eligible studies; Invece.Ab (18), LEILA75+ (20), SALSA (21),
ZARADEMP (22), MAS (23), KLOSCAD (24), ESPRIT (25) and MYHAT (19).

Depression over time in the pre-clinical phases.

For each study the depression status of subjects diagnosed with dementia at any point in
time during their follow-up was defined as a binary outcome (clinically depressed versus
non-depressed) by reference to clinically validated cut-off points except in the case of
MYHAT which used the 90t percentile on a modified screening scale (see Table 1 for a
description of the scales used). The estimated years from dementia diagnosis were calculated
as the date of each follow-up minus the date at dementia diagnosis (time origin). Estimated
years from dementia are consequently expressed with negative signs in the pre-dementia
phase.

Statistical Analysis

For each study, the incidence rate of depression and its confidence limits were calculated on
the time interval between the inclusion and the last examination before dementia diagnosis
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on participants free of depression at inclusion. For this calculation only the first post-
inclusion occurrence of depression was considered.

Individuals were pooled from all studies and the association between years from dementia
diagnosis and successive depressive states was assessed using a mixed effect logistic
regression model including an interaction term between years from dementia and study and
a subject-specific random intercept to take the correlation between individual measures of
depression over time into account. The model was fitted using the “Ime4” package from the
R version 3.5.0. The mean effect and associated 95% confidence interval (Cl) of an increase
in one year from dementia (i.e. for each year closest to the diagnosis of dementia) and the
probability of being depressed was derived by reference to odds ratios (OR) for each study
included in the model. The generic inverse variance method was used to group study results,
construct forest plots and generate heterogeneity statistics. Analyses were performed using
the “meta” package from the R version 3.5.0.

Analysis of longitudinal depression scores over time

RESULTS

Subject-specific trajectories of depression scores as a function of years from dementia
diagnosis were modeled using Smoothing-Splines Mixed Effects (SME) models with the use
of the “‘sme’ package in R software version 3.5.1.. Cubic spline models were fitted
considering the method described by Ruppert et al (26), using k knots (k =2, ...,5) setting at
quantiles 100/(k + 1), 2 x 100/(k + 1), ..., k x 100/(k + 1) for k =2, ...,5 of years from
dementia diagnosis. The model minimizing the Akaike Information Criteria (AIC) while not
overfitting the data was selected according to the number and position of knots that best fit
the data while minimizing the number of model parameters.

Characteristics of the included studies and subjects

The eight contributing studies provided a total of 646 subjects with incident dementia. The
median follow-up time ranged from 5.6 years pre-dementia diagnosis to 1.7 years post-
dementia diagnosis. The number of depression measures available for the analyses by study
in the pre-dementia phase are described in Table 1. The majority of studies used the Center
for Epidemiologic Studies- Depression scale (CES-D) (27), followed by the Geriatric
Depression Scale (GDS) (28).

Table 2 summarizes the main characteristics of the included subjects by study. Among the
enrolled subjects, the median age by study at inclusion ranged from 73.1 to 83.5 years and
the median age at dementia diagnosis ranged from 77.4 to 88.2 years. The percentage of
APOE*4 carriers varied noticeably between 10.8% and 35.06% across the studies.

Table 3 shows the depression incidence rate per 1000 person years across studies
considering only the first occurrence. Incidence rates varied from 35 per 1000 person years
in an Australian cohort to 154.6 per 1000 person years in a cohort from the USA.
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Effect of years from dementia on depressive state

Figure 1 shows the forest plots of the years from dementia effect estimate for when all
studies were included, and for two analyses where some studies were excluded. Considering
all the selected studies (see Figure 1A), the pooled estimated odds ratio was 1.03 (95%ClI:
[0.99-1.08]), that corresponds to a 3% odds increase for each year closer to dementia. Given
the substantial heterogeneity (12=52.4%, P=0.04) of the estimates between studies, we
explored the potential impact of two studies that used substantially different methodology to
assess dementia than the other studies (LEILA75+ and ZARADEMP).

In LEILA75+, dementia diagnosis was an algorithmic diagnosis largely based on a
structured interview (SIDAM, (29)). Consequently, a subject can be classified as having
dementia at one point in time and later classified as a non-case. In our main analysis (on all
studies), we considered a subject once diagnosed with dementia to retain the diagnosis
across follow-up. In ZARADEMP, the first screening of individuals with dementia was also
based on an algorithmic classification using the Geriatric Mental State-Automated Geriatric
Examination for Computer Assisted Taxonomy package (GMS-AGECAT, (30)).

Excluding LEILA75+ and ZARADEMP from our analyses, the pooled estimated odds ratio
remained significant at 1.06 (95%CIl: [1.01-1.11]) (see Figure 1B). However, the inter-
studies heterogeneity was reduced and no longer significant (12=40.8%, P=0.133). In an
additional analysis we further excluded KLOSCAD because of its relatively short follow-up
period, but the results were unchanged (Figure 1C).

Evolution of depression scores over time to dementia

Figure 2 describes, using SME models, the mean evolution and associated 95% CI of
depression scores over time to dementia for the 7 studies providing continuous scores (all
except ZARADEMP). The fitted curves confirm the above results for binary depression
state. Depression scores increased with diminishing time to dementia diagnosis most clearly
for Invece.Ab , but also for MYHAT, SALSA, Sydney MAS and ESPRIT. Conversely,
decreasing scores were found for LEILA75+ and KLOSCAD with a large CI near the
dementia time for LEILA75+ and over all the time period for Kloscad, denoting small
numbers of depression measures at each time for these two cohorts.

DISCUSSION

Previous clinical and population studies have given conflicting conclusions as to the
relationship between depression and dementia. A meta-analysis (3) of 23 prospective
population studies concluded that late-life depression significantly increased the future risk
of AD incidence 1.65 fold, suggesting it to be a significant risk factor even after adjustment
for multiple confounders. On the other hand, the observed associations between depression
and smaller hippocampal volume, neurotransmitter imbalance, tau accumulation and
amyloid metabolism in persons with diagnosed AD (4-7) have supported the alternative
hypothesis that depression is linked to the underlying pathological brain changes and
therefore constitutes a prodrome of the disease rather than a risk factor. Other studies have
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suggested it to be a reaction to loss of competence which could be culturally determined
(14-16).

Few studies have investigated the incidence and clinical course of depression longitudinally
within the pre-clinical phase of dementia, and as far as we are aware this is the first to
examine cross-national differences. This study has thus been able to examine the hypothesis
that if depression is prodromal, that is an early feature of the disease itself, then risk of
depression would be seen to rise as pre-clinical persons approached diagnosis despite
population variability in depression prevalence and cultural factors.

The incidence of depression or depressive symptoms in dementia has been shown to vary
greatly across studies from 2% per year (31, 32) to 20% per year (33, 34) with differences in
these studies being largely attributable to differences in method of case identification.
Considerable heterogeneity was also found in this study, with the incidence of depression
ranging from 35 to 15.4 per 1000 person-years, but with rates being closer when similar
scales were used.

This meta-analysis highlights the great variability in observations of the association between
depressive state and time from dementia. Among 5 of the 8 studies considered in the first
assessment, the odds of depression tend to increase as the time from dementia decreases. In
the remaining 3 studies, the odds of depression tend to decrease as the time from dementia
decreases, but the associations are not significant. When combined across studies, the odds
of depression increased as the time from dementia decreases, but not significantly, and in the
presence of statistical heterogeneity.

Our principal hypothesis was that cohort differences in depression rates would be expressed
as heterogeneity in incidence and trajectories over time, whereas depression related to
degenerative brain pathology would give similar trajectories. We did not observe positive
and negative associations attributable to any particular geographic grouping. In the 3 studies
with negative associations, two were European (Germany for LEILA75+ and Spain for
Zarademp) and one Korean. Studies with positive associations were conducted in European
and American countries.

Previous population studies of depression incidence have attributed inconsistency in results
principally to case detection methods. We assessed this by excluding LEILA75+ and
Zarademp; diagnoses in these two studies being by automatic algorithm rather than
standardized clinical scales. Heterogeneity in the sample estimates was subsequently seen to
decrease significantly and the pooled results show a significant increase in the odds of
depression as the time from dementia diagnosis decreases. We cannot however exclude that
other factors specific to these two studies may explain the observed heterogeneity.

Overall the results suggest that differences in the trajectories between countries appear
largely attributable to methodological differences rather than cultural groups. Taking the
methodologically most similar studies, an increase in the incidence of depression is seen to
occur over time across countries and, despite inter-cultural variability in depression rates.
Rates increase with increasing proximity to the diagnosis of dementia, suggesting it to be
more a prodrome than a risk factor, although the present study design cannot preclude the
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possibility of an interactive effect with depression due to external causes accelerating silent
brain changes. Our findings are, however, in agreement with a previous ten year prospective
study of depression and dementia trajectories which also concluded that depression was an
early symptom of progressive disease (13). There is also the possibility that increasing
depression rates due to increasing loss of competence may be common to all cases and
explain the similarity in trajectories, although given that this is a preclinical trajectory with
little overt evidence of cognitive loss, this seems unlikely.

Given the similarities across countries in dementia pathology, we are still left with the
question as to why not all persons developing dementia manifest depression in the years
preceding diagnosis. Future studies could take a closer look at the continuum from mild
cognitive impairment (MCI) to dementia and the association with depression. A recent study
reported that the risk of progression from MCI to AD was significantly elevated in people
with depression in the last two years, compared to those with a more remote history of
depression suggesting that the presence of depression in closer proximity to AD could be
considered a marker of even greater risk (35).

This meta-analysis has several strengths. First, data was obtained from American, Asian and
European countries allowing observations from a wide range of ethnicities with different
attitudes, rates of depression, clinical care and exposure to different risk factors associated
with both depression and dementia. Second, studies with long follow-up were included in
the analysis, with a maximal follow-up time before the dementia diagnosis of almost 15
years in ESPRIT.

There are limitations to our analyses. Firstly we were not able to differentiate AD from other
forms of dementia, which may have weakened the observed associations. For four studies
(Invece, Mas, Kloscad and Zarademp) the number of depression measures before the
dementia diagnosis was low at only 2, and their follow-up time was relatively short (3 to 5
years). The studies included did not all use the same measures of depressive
symptomatology (main ones being the GDS and CESD-D). However, a bias in our analysis
linked to the use of different scales is unlikely. Estimates varied identically in the two main
sub-groups of depression scales used and no systematic differences between sub-groups
were observed. Additionally, only eight studies were maintained to assess a pooled estimate
of the association between depression state and time from dementia.

Parallel observations of depression trajectories and brain changes would have greatly
reinforced aetiological hypotheses, but unfortunately these were available for very few
studies. Finally, if depression were a risk factor for dementia, it would be expected that
younger age at first onset of depression and greater number and severity of previous
episodes would be linked to dementia incidence. However, we were unable given the limits
of the data set to consider previous history or prior medication use in our analyses.
Considerable methodological heterogeneity of the observations included in the COSMIC
consortium and high variability in the risk factors precluded use of these data to more
closely examine interaction effects of depression with other risk factors in the pre-clinical
phase of dementia. However, it has been able to show a common pattern of increasing
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incidence as the underlying pathology progresses which appears relatively independent of
environmental factors.

In conclusion it is important to see this study in terms of its overall contribution to
knowledge of AD and other neurodegenerative disorders. It is above all a methodological
contribution in relation to theory validation. There has already been ample research on the
relationship of depression to biomarkers which has given evidence of statistically significant
associations, while population studies going back to before the prodromal period suggest
depression to precede brain changes thus constituting a risk factor. Our usual approach to
validation is to repeat previous research procedures with some improvements, for example in
depression measures or population sampling, which does not take our thinking outside of
current cause-effect models. The starting point for this study has been Karl Popper’s [36]
notion that good scientific practice is characterized by testing constructs against experience
in the real world in an attempt to refute them. In this case we were not trying to generate a
new theory but rather take an alternative descriptive approach to validation by ascertaining
which hypothesis best fits empirical observations of disease occurrence and is universal
across cultures. Our conclusion is that the theory that depression is part of the disease
process shows evidence of coherence with population incidence rates in the pre-clinical and
prodromal phases of disease. However, it does not explain why many persons with dementia
do not develop depression. Our observations do not therefore permit us to construct an
alternative etiological model.

This study of data bases from a variety of cultures has led us to speculate above all on the
limits of pre-conceived nosological entities such as depression in constructing causative
models. Each study provided the number of persons corresponding to a clinical cut-off point
for depression, but we do not know which symptoms have contributed to this diagnosis,
whether there were other notable co-occuring behavioural symptoms not included in the
depression measure, and more importantly whether these signs and symptoms were
‘depression’ or expressions of brain changes which overlap with those seen in depression but
of different etiology. Similar symptoms may be the clinical expression of quite different
underlying disease processes. This approach aligns with a trend in psychiatric research
towards ‘trans-diagnostic’ classifications rather than diagnostic categories in an attempt to
better determine the biological bases of behavioural and mood disorders.

Thus in terms of future research we may better understand behavioural correlates of
neurodegenerative disease if we return to observations of phenomenology from the pre-
clinical period, recording signs and symptoms and their changes in relation to biomarkers
and brain changes as the disease progresses rather than converting them aprioriinto
diagnostic categories such as depression, anxiety, apathy. In this sense the frequently asked
question of whether anti-depressants may reduce dementia risk is premature, and in the spirit
of a recent editorial on revising our approach to dementia research, attempting to change the
world without trying to understand it [37].
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RESEARCH IN CONTEXT
Systematic Review.

Depression commonly accompanies Alzheimer’s disease, but the nature of this
association is unknown.

Interpretation.

An increase in the incidence of depression as the time to dementia diagnosis decreases
despite cross-national variability in depression rates support the hypothesis that
depression is more likely to be attributable to dementia-related brain changes than a risk
factor or reaction to the disease. The studies have made the assumption that the
symptoms experienced in the pre-clinical phase are the same as clinical depression rather
than depression-like symptoms linked to brain changes.

Future directions.

The results underline the importance of studies of symptomatology trajectories in relation
to AD biomarkers in the pre-clinical phase.
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Depression incidence rates

Table 3.

95% confidence interval

Study Incidence per 1000 person-years
Invece (ltaly) 127.57
MYHAT (USA) 49.33
LEILA75+ (Germany) 107.12
SALSA (USA) 154.59
Zarademp (Spain) 36.31
MAS (Australia) 35.12
Kloscad (Korea) 67.40
Esprit (France) 50.01

(120.13 ; 135.01)
(47.9 ;50.76)
(103.85 ; 110.39)
(147.14 ; 162.04)
(31.79 ; 40.83)
(33.28 ; 36.96)
(61.68; 73.12)
(49.37 ; 50.65)
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