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Abstract

Background—Depression has been associated with increased risk of death. However, there is 

lack of studies exploring such relationship in the context of dementia. Given the high prevalence of 

both depression and Alzheimer’s Disease (AD), investigating their temporal association with 

mortality is of public health relevance.

Methods—Longitudinal data from the WHICAP study were analyzed (1958 individuals aged ≥ 

65 years). Depressive symptoms were assessed with the 10-item Center for Epidemiologic Studies 

Depression Scale (CES-D). Respondents were identified as having AD if they satisfied the criteria 

of the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines 
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for Alzheimer’s disease. Cox regressions analyses were performed to determine the association 

between depressive symptoms and risk of all-cause mortality using the overall sample, and by AD 

status.

Results—Depressive symptoms were significantly associated with higher mortality risk after 

adjusting for all potential covariates in the overall sample (HR = 1.22; 95% CI = 1.02, 1.46) and in 

individuals with incident AD (HR = 1.88; 95% CI = 1.12, 3.18).

Limitations—The CES-D does not measure clinical depression but depressive symptomatology. 

Since those who were exposed to known risk factors for mortality are likely to die prematurely, 

our results may have been skewed to the individuals with longer survival.

Conclusions—Strategies focusing on prevention and early treatment of depression in the elderly 

may have a beneficial effect not only on patient quality of life and disability, but may also increase 

survival in the context of AD.
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1. Introduction

Depression is a common mental condition among elderly individuals (Byers et al., 2010), 

with estimates ranging from 4.6% to 9.3% for a major depression episode and from 4.5% to 

37.4% for any form of depressive disorders (Luppa et al., 2012). Depression has been 

consistently associated with physical and mental comorbidities, disability and increased risk 

of death both in clinical and epidemiological studies (Cuijpers et al., 2014; Ferrari et al., 

2013; Prince et al., 2007; Saz and Dewey, 2001; Walker et al., 2015). Byers et al. (2012) 

found in a retrospective cohort study of male veterans that depression increased the risk of 

death over 40%, and Ganguli et al. (2002) showed a similar pattern in a community-based 

study of 1064 elder individuals. Nevertheless, there are other studies that have failed to find 

such association (Blazer et al., 2001; Everson-Rose et al., 2004). The inconsistency of 

findings may be explained by several factors, including the method for the assessment of 

depression, sample size, study design, follow-up period, or the control for potential 

confounding variables in adjusted models. That is the case for dementia, which has been 

rarely examined as a covariate in population or community-based studies, despite strong 

evidence suggesting the role of dementia as an independent risk factor for survival time and 

its relationship with depression (Todd et al., 2013).

The presence of depression in relation to dementia, particularly Alzheimer’s Disease (AD 

onwards), has been extensively studied, and it has been reported that around 50% of AD 

patients may suffer from a depressive episode at least once during the disease course (Chi et 

al., 2014). Previous evidence suggests an association between depression and the risk of 

incident all-cause dementia (Diniz et al., 2013). It remains unknown, however, whether 

depression constitutes a prodrome of dementia or an independent risk factor. Few 

longitudinal investigations have explicitly examined the role of depression as a potential 

predictor of mortality in dementia or AD samples, and they have shown mixed results: while 

Andersen et al. (2010) and Pimouguet et al. (2015) reported an association between 
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depressive symptomatology and mortality, Roehr et al. (2015) did not found such 

association. In general, examination of survival risk associated with depression in AD 

samples is infrequent, with most studies focusing on the analysis of well-established risk 

factors (i.e. age, cardiovascular factors, or functional limitations). Given the lack of studies 

that explore the relationship between depression and mortality considering all confounding 

factors and the high prevalence of both dementia and depression, investigation of their 

association to mortality is of public health relevance.

The present study examine the temporal association between depressive symptoms and 

mortality in a community-based cohort from northern Manhattan in New York City taking 

into account the presence of AD, and test the same relationship in a subsample of this cohort 

consisting of individuals with AD.

2. Methods

2.1. Study design

Longitudinal data from the Washington Heights-Inwood Community Aging Project 

(WHICAP) at Columbia University Medical Center were analyzed. Information about this 

project is briefly summarized here as it has been described in detail elsewhere (Tang et al., 

2001). WHICAP is a community-based study of aging and dementia in Medicare-eligible 

northern Manhattan residents aged 65 or older. The population sample was composed by a 

multiethnic cohort that includes Caribbean Hispanic, African-American and Caucasian (non-

Hispanic) individuals. The current study included participants from the 1999 cohort. They 

have been followed at intervals of approximately 1.5 years. Data were collected through 

face-to-face structured interviews performed in either English or Spanish. Physicians 

conducted a standardized physical and neurological examination, as well as a 

neuropsychological test battery assessment. Each assessment also included data on general 

health status and functional ability.

The 1999 cohort had an initial sample of 2183 participants. 12 individuals with missing 

depression information at baseline were excluded. Of the remaining 2171 participants, we 

excluded 211 individuals with no follow-up visits or mortality data and 2 with missing 

dementia diagnosis. Thus, the final analytical sample consisted of 1958 respondents. Each 

participant contributed up to 15 years of follow-up from the baseline examination to death or 

censoring at the last evaluation. Initial analyses utilized the entire cohort. We repeated the 

analyses limiting them to AD cases only, analyzing prevalent and incident cases separately. 

Respondents who were diagnosed with AD at baseline assessment were considered prevalent 

AD cases (N=189). Individuals who had not dementia upon entry into the study and 

developed AD during follow-up were selected for the incident AD analyses (N = 169) (Fig. 

1).

2.2. Ethic statement

The WHICAP study was reviewed and approved by the Institutional Review Boards of 

Columbia Presbyterian Medical Center and the New York State Psychiatric Institute. Written 

informed consent was obtained from all respondents.
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2.3. Measurements

2.3.1. Outcome (Depressive symptoms)—The 10-item Center for Epidemiologic 

Studies Depression Scale (CES-D) (Irwin et al., 1999) was used to assess the presence and 

severity of depressive symptoms. Individuals were asked whether they had experienced each 

of 10 symptoms over the last week. Those questions answered with “yes” were endorsed 

with 1 point, leading to a total score that ranged from 0 to 10, with higher scores indicating 

greater depressive symptoms. We used two outcomes based on the CES-D: 1) The presence 

or absence of depressive symptoms was defined using a conventional cutoff score of ≥ 4 

(CES-D depression); 2) Total CES-D score was treated as a continuous variable (CES-D 

severity).

Supplemental analyses were conducted by using additional questions included in the survey 

that evaluated the presence of DSM-V depression in the previous week. The presence or 

absence of depression was defined using an algorithm based on the DSM-V criteria (DSM-V 

depression) (American Psychiatric Association, 2013).

2.3.2. Alzheimer’s Disease diagnosis—Respondents were assessed using a standard 

neuropsychological battery measuring different domains: orientation (assessed with items 

from the Mini Mental State Examination (Folstein et al., 1975)), memory (with the multiple 

choice version of the Benton Visual Retention Test (BVRT) (Benton, 1955) and the Selective 

Reminding Test (SRT) (Buschke and Fuld, 1974)), language (measured with Boston Naming 

Test (Kaplan et al., 1983), Controlled Oral Word Association Test (CFL) (Benton et al., 

1994), Category Naming, and the Complex Ideational Material and Repetition phrases from 

the Boston Diagnostic Aphasia Examination (BDAE) (Goodglass and Kaplan, 1983)), 

abstract reasoning (evaluated with the Wechsler Adult Intelligence Scales-Revised (WAIS-

R) (Wechsler, 1981), the similarities subtest and the Identities and Oddities subtest from the 

Mattis Dementia Rating Scale (DRS) (Mattis, 1976)), speed of processing (with the Color 

Trail Making Test, Part A and B) (D’Elia et al., 1996), and visuospatial ability (assessed 

with the Rosen Drawing Test (Rosen, 1981) and the Benton Visual Retention Test (BVRT) 

(Benton, 1955)).

A consensus conference of neurologists, physicians, neuropsychologists and psychiatrists 

was made using all available information for the diagnosis of AD. Individuals were first 

identified as having dementia if they met the criteria of the DSM-V (American Psychiatric 

Association, 2013), requiring evidence of cognitive deficits (based on the 

neuropsychological scores described above), and impairment in social or occupational 

function in comparison to the past (measured through the Blessed Dementia Rating Scale 

(Blessed et al., 1968), the Schwab and England Activities of Daily Living Scale (Schwab et 

al., 1969), and the physician’s assessment). For the diagnosis of probable or possible AD, 

individuals satisfied the criteria of the National Institute on Aging-Alzheimer’s Association 

workgroups on diagnostic guidelines for Alzheimer’s disease (McKhann et al., 2011).

2.3.3. Mortality—Mortality data was obtained through follow-up interviews every 18 

months and through the vital status from the National Death Index until June 2015.
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2.3.4. Other measures—Sociodemographic variables included age (in years), gender, 

education (as the number of years in full time education), and ethnicity (Black (non-

Hispanic), Hispanic, White (non-Hispanic), and other).

Apolipoprotein E (APOE-ε4) was defined as the absence of ε4 allele versus presence of 

either 1 or 2 ε4 alleles. Smoking status and alcohol consumption were assessed by self-

report and categorized as never smoker, past and current smoker; and no alcohol use versus 

alcohol consumption, respectively.

Since cardiovascular factors have been widely associated with older age, dementia, and 

mortality (Beydoun et al., 2014), we considered the following comorbidities: diabetes 

mellitus, hypertension, stroke and heart disease. Comorbidities were defined through self-

reported diagnosis and the use of disease-specific medications. Heart disease was defined as 

a history of myocardial infarction, congestive heart failure or any other heart disease (e.g. 

arrhythmias or angina pectoris).

2.4. Statistical analysis

Descriptive analyses of the baseline data were conducted to characterize the study sample. 

These analyses included frequencies, proportions, means, and standard deviations (SD). 

Significance tests for differences in proportions were carried out using chi-squared tests and 

Fisher’s exact tests as applicable (for categorical variables) and Student’s t-tests (for 

continuous variables).

Cox proportional hazard models were used to determine the association between depression 

(as assessed with the CES-D and DSM-V variables) and risk of all-cause mortality. 

Mortality was presented as the dichotomous outcome, and the time-to-event variable was 

time from baseline to death. Those individuals who did not die were censored at the time of 

their last follow-up. Three stages of multivariable Cox regression models were conducted: 1) 

In an initial model (model 1) depressive symptoms at baseline were the main predictor, 

controlling for demographic variables (i.e. gender, age, education, ethnicity); 2) Model 2 

also included some risk factors (i.e. smoking status, alcohol consumption and APOE-ε4 –

only in AD samples-); and 3) Model 3 further adjusted for medical comorbidities (i.e. 

diabetes mellitus, hypertension, stroke, heart disease and AD- only in the total sample-) and 

treatment (i.e. diabetes mellitus and hypertension), entered as categorical variables. All 

regression analyses were based on the sample with no missing data across all variables 

included.

Based on the previously reported effects modifications for the association between 

depression and mortality with other main variables (Elderon and Whooley, 2013), we tested 

whether there were significant interactions between heart disease, stroke and AD with 

depression. We found a significant interaction between DSM-V depression and AD that was 

added to the final adjusted model for that depression outcome.

Additionally, two separate analyses were conducted in 1) individuals who presented AD at 

the baseline assessment (prevalent AD); and 2) individuals who were non-demented at initial 

evaluation and developed AD throughout the follow-up (incident AD). In the latter case, the 
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time-to-event variable was time from diagnosis of AD to death or last follow-up, both 

depressive symptoms and age were considered at the time of AD diagnosis, and covariates 

were included at any time prior to or including the AD diagnosis visit.

Proportional hazard assumptions were statistically tested with Cox-Snell residuals in all full 

adjusted models. No violations of the assumptions were found. Hazard ratios (HR), 95% 

confidence intervals (CI), and p values are reported. Data analyses were performed using 

IBM SPSS statistics 21.

3. Results

3.1. Sample characteristics

Baseline characteristics of the study sample, according to the depression variable based on 

CES-D, are illustrated in Table 1. In this sample of 1958 individuals, 409 (20.9%) 

respondents presented depressive symptoms and 992 (50.7%) died during the study period. 

Mean age at baseline was 77 years (SD = 7.1) and there were more females than males 

(67.2% vs. 32.8%). Overall, subjects with depressive symptoms differed from the non-

depressed sample in age, gender, education, ethnicity, stroke and heart disease. In the 

prevalent AD sample, compared to individuals with non depressive symptoms, those with 

depressive symptoms were significantly more likely to be female. In the incident AD 

sample, subjects who presented depressive symptoms did not differ from those non-

depressed in any demographic-clinical variable with the exception of alcohol consumption 

and heart disease. Table 2 displays demographic and clinical characteristics based on the 

depression variable that followed the DSM-V criteria.

3.2. Depressive symptoms and the risk of mortality

Overall, respondents were followed for an average of 5.6 years (SD = 4.5; maximum 14.4 

years). Mean survival time from baseline assessment was 8.4 years (95% CI = 7.89, 8.86) 

for those individuals with depressive symptoms and 9.4 years (95% CI = 9.09, 9.65) for the 

subjects with non depressive symptoms. When restricting the analyses to the AD sample, 

mean survival time for those individuals with prevalent AD was 5.3 years (95% CI = 4.72, 

5.91) at a mean age of 83.4 years (SD = 8.04), while for the incident cases of AD mean 

survival time after AD onset was 5.1 years (95% CI = 4.49, 5.65) at a mean age of 84.2 

years (SD = 6.9). For those individuals that, apart from suffering AD, presented depressive 

symptoms, mean survival time was 5.7 years (95% CI = 4.72, 5.91) for respondents with 

prevalent AD and depressive symptoms (versus 5.1 years; 95% CI = 4.41, 5.8 for those 

without depressive symptoms), and 4.6 years (95% CI = 3.44, 5.71) for respondents with 

incident AD and depressive symptoms (versus 5.2 years; 95% CI = 4.57, 5.9 for those 

without depressive symptoms).

Table 3 shows the adjusted hazard ratios of Cox regression analyses of the mortality risk 

associated with depressive symptoms in the total sample as well as in each of the AD 

groups. In the total sample, CES-D depression was significantly associated with higher 

mortality risk after adjusting for demographic variables (HR = 1.32; 95% CI = 1.13, 1.54). 

This association remained significant when we added risk factors to the model (HR = 1.31 
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95% CI = 1.10, 1.57), and after the inclusion of all potential covariates (HR = 1.22; 95% CI 

= 1.02, 1.46). Similar results were observed when we considered CES-D severity. In the 

fully adjusted model (model 3), each additional unit increase in CES-D severity was 

associated with a higher risk of mortality (HR = 1.04; 95% CI = 1.01, 1.08). The association 

between depressive symptoms and mortality was not significant in the respondents with 

prevalent AD using either of the CES-D depression variables (Model 3: HR = 1.07; 95% CI 

= 0.57, 2.03 for CES-D depression; Model 3: HR = 1.06; 95% CI = 0.94, 1.19 for CES-D 

severity). The sample with incident AD consisted of 169 individuals and 103 died during 

follow-up. In this group, respondents with depressive symptoms had more than 50% 

increased risk of mortality compared to those who had non depressive symptoms in the fully 

adjusted model (HR = 1.88; 95% CI = 1.12, 3.18). This association was also significant 

when depressive symptoms were analyzed as CES-D severity (Model 3: HR = 1.12; 95% CI 

= 1.01, 1.23).

We found a similar pattern of findings when using the DSM-V depression variable, except 

for the incident AD cases. These individuals showed no excess risk of mortality associated 

with depression (Table 4). Moreover, a term interaction between DSM-V depression and AD 

was added to the fully-adjusted model for the overall sample. The interaction revealed that 

DSM-V depression had a greater effect on mortality for individuals without prevalent AD 

versus prevalent AD (HR = 0.39; 95% CI = 0.17, 0.92).

4. Discussion

In this community-based study of elders in Northern Manhattan, we found that depressive 

symptoms were independently associated with increased risk of mortality after controlling 

for the presence of AD and other confounders. Moreover, we observed an association 

between depressive symptoms and survival in a subsample of incident AD individuals. To 

the best of our knowledge, this is the first community-based study that explicitly explores 

the role of depressive symptoms in a sample of individuals with AD.

4.1. Depression and mortality in the general population

A recent meta-analysis by Walker et al. (2015) showed that individuals with mental 

disorders present excess mortality rates compared to the general population. Moreover, 

depression, either characterized by a clinical diagnosis of depression or depressive 

symptomatology, has been consistently associated with increased risk of death in the elderly 

(Cuijpers et al., 2014). For example, the results of a study by Schulz et al. (2000) showed 

that more severe depressive symptoms, as assessed with the CES-D, were associated with 

higher mortality in a large population-based sample of older adults from the United States 

(US). Schoevers et al. (2009), in a 10-year follow-up study of a community living elderly 

from Amsterdam, found that severity and chronicity of depression were also associated with 

mortality.

Additionally, there is evidence of an association between depression and subsequent 

mortality in cardiovascular patients (Peters et al., 2010; Vinkers et al., 2004). It has been 

suggested that the effects of depression on mortality may be due to its relationship with 

vascular disease (Elderon and Whooley, 2013; Hare et al., 2014). If this is the case, the 
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influence of depression on mortality should disappear if the presence of cardiovascular 

disease is taken into account. In our study, the effects of depressive symptoms on mortality 

were not altered after controlling for major cardiovascular risk factors, which indicate that 

depressive symptoms are an independent predictor of mortality in the general population.

4.2. Depression and mortality in the context of AD

Our second aim was to estimate the effect of depressive symptoms on survival in AD 

individuals. Depression is common among older individuals with dementia, with estimates 

up to 50% at any point of the disease course (Chi et al., 2014). Recent studies have 

suggested that late-life depression might constitute a prodromal phase for subsequent 

dementia (Saczynski et al., 2010), and this may lead to excess mortality in those individuals 

with co-occurrence of depression and dementia (Bellelli et al., 2008).

Regarding the relationship between depression and mortality in AD individuals, literature is 

scarce and results are mixed. A systematic review by Guehne et al. (2005) pointed out that 

very little information is available on depressive symptomatology when studying mortality 

in dementia, and most studies have not examined depression as a potential predictor for 

survival (Todd et al., 2013). Moreover, methodological differences in the few studies that 

explored depression hinder comparisons between them (Ganguli et al., 2002).

We identified a significant relationship between depressive symptoms and survival in the 

incident AD sample. Prior reports have found that depressive symptoms were associated 

with increased risk of mortality in individuals with incident dementia, while others found no 

evidence for that relationship. For instance, a prospective longitudinal study involving six 

urban areas in Germany found no significant association between depressive symptoms and 

mortality in a sample of individuals with incident dementia (Roehr et al., 2015). Andersen et 

al. (2010), whose results are focused on a population-based cohort of both prevalent and 

incident dementia samples, reported similar findings. Alternatively, Lopez et al. (2000) 

examined the possible additive effect of AD and depression to survival in 267 patients 

diagnosed with possible AD. Their results suggested that history of depression associated 

with the onset of AD decreased time of survival. Our results accord with those of Pimouguet 

et al. (2015), who found that depressive symptomatology, assessed with the CES-D, was a 

significant predictor for mortality in a Cox model that also adjusted for demographics and 

medical conditions in a population-based cohort of 253 individuals with incident dementia. 

On the other hand, the DSM-V depression variable was not associated with mortality in that 

sample, which could be explained by the small sample of respondents that met the criteria 

for a major depressive episode. Interestingly, these results are in accordance with the meta-

analyses conducted by Cuijpers and Smit (2002) in elders without dementia, whose findings 

showed that the rates for mortality were higher in subclinical depression compared to 

individuals with a major depressive disorder. A different explanation of these results may be 

related with the apathy syndrome. Apathy is the most common neuropsychiatric symptom in 

dementia and it has been found in association with increased functional impairment, faster 

functional decline and poorer prognosis in AD patients (Landes et al., 2001). A study of 

Vilalta-Franch et al. (2013) demonstrated that apathy had an increased mortality risk in a 

cohort study of 491 patients with probable Alzheimer’s disease (HR = 1.99; 95% CI = 1.15, 

Lara et al. Page 8

J Affect Disord. Author manuscript; available in PMC 2017 September 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3.45). Since apathy and depression often co-occur in AD and recent evidence suggests that 

apathy could be defined as an AD subtype with greater clinical severity (Vilalta-Franch et 

al., 2013; Zhao et al., 2016), our results could be the reflection of an undetected apathy 

syndrome.

Regarding prevalent cases of AD, several studies on the relationship between depression and 

mortality found no association between depressive symptomatology and survival (Andersen 

et al., 2010; Larson et al., 2004; Schaufele et al., 1999). In contrast, Burns et al. (1991) and 

Butler et al. (2004) observed, in clinic-based settings, a significant increase of the risk of 

dying when both depression and prevalent dementia co-occurred. We found no significant 

association between depressive symptoms and mortality in individuals with prevalent AD 

after full adjustment for other variables. These findings may be explained by survival bias, 

as those with rapidly progressing disease may not have been included in our study or they 

would have died before the next follow-up evaluation due to earlier mortality (Helzner et al., 

2008). Moreover, given that AD respondents were at different stages of disease progression 

at study entry, the non-significant results may be explained by differences in the severity of 

the underlying AD pathology. Thus, we feel that these results should be interpreted with 

caution.

The mechanisms for the association of depression to increased mortality remain unclear. 

However, diverse explanations have been suggested. From a psychological perspective, it is 

common that depressed individuals disengage from preventive and therapeutic health 

behaviors (Schulz et al., 2000). Depression has been related to unhealthy lifestyle factors 

such as physical inactivity, smoking habits or poor diet, which would lead to a greater 

frequency of chronic conditions in depressed people (van Gool et al., 2003). From a 

biological perspective, explanations have been related with changes in the neuroendocrine, 

immune and inflammatory systems (Anisman, 2009; Chi et al., 2014). Reduced heart rate 

variability or greater catecholamine levels have been also explored as possible pathways 

between depression, cardiovascular events and mortality (Elderon and Whooley, 2013). With 

regard to AD, Chi et al. (2014) indicated that many factors may contribute to explain the 

mechanism of depression in AD, including genetic factors, neuroanatomic changes, vascular 

risk factors, and the imbalance of neurotransmitters. Moreover, it has been hypothesized that 

the co-occurrence of both depression and dementia would play a role as an additive factor 

for mortality (Bellelli et al., 2008; Mehta et al., 2003).

4.3. Strengths and limitations

The strengths of our study include the use of large community-representative data, with a 

varied ethnic sample and socioeconomic background of elderly people, which result in a 

greater ecological validity. Furthermore, this study included a comprehensive 

neuropsychological battery to aid in the clinical diagnosis by experts in dementia. In 

addition, our analyses were adjusted for potential confounders, allowing for a more accurate 

examination of the relationship between depressive symptoms and mortality over time. 

These results should be also interpreted in light of several limitations. First, the CES-D does 

not measure clinical depression but depressive symptomatology, and it was collected 

retrospectively through self-report that may result in recall or reporting bias. Moreover, 
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depressive information collected from AD individuals may have decreased accuracy because 

of poor recall, especially in severe AD respondents. As a consequence, it might turn into an 

error of estimation of the exact associations between depressive symptoms and survival risk. 

Second, it is possible that our results have been potentially skewed to the individuals with 

longer survival, since those who were exposed to known risk factors for mortality are likely 

to die prematurely. Third, we diagnosed AD for incident AD cases at the time of follow-up 

assessment, which may result in some inaccuracy of the incidence dates. However, this 

method is commonly used in community and population-based studies. Finally, we did not 

explore the specific causes of death. Nevertheless, information from death certificates or 

caregivers is often unreliable, since the true reasons for death are commonly underreported.

5. Conclusions

The results of the present study suggest that depressive symptomatology constitutes an 

independent risk factor that lead to excess mortality in the general population, and support 

further investigation to elucidate the mechanisms that explain this association. On the other 

hand, independent confirmation of our findings regarding the relationship between 

depressive symptoms and survival in the context of dementia is necessary.

Since depression is one of the most disabling diseases, strategies focused on the 

development of effective and affordable approaches to reduce incident-cases would have 

beneficial effects not only related with a better quality of life and reduced disability, but also 

with a longer survival.
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Fig. 1. 
Flowchart describing selection of study sample. AD=Alzheimer’s Disease.
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