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Abstract

Background: There is increasing evidence that depressive symptoms are associated with 

increased risk of cognitive impairment and dementia in older adults. In current study, we aimed to 

investigate the effect of depressive symptoms on incident Alzheimer disease and all-cause 

dementia in a community sample of older adults.

Methods: Participants were 1219 older adults from the Einstein Aging Study, a longitudinal 

cohort study of community-dwelling older adults in Bronx County, New York. The Geriatric 

Depression Scale (GDS, 15-item) was used as a measure of depressive symptoms. The primary 

outcome was incident dementia diagnosed using the Diagnostic and Statistical Manual, Fourth 

Edition, criteria. Cox proportional hazard models were used to estimate the risk of incident 

dementia as a function of GDS score for the whole population and also for 2 different time 

intervals, <3 years and ≥3 years after baseline assessment.

Results: Among participants, 132 individuals developed dementia over an average 4.5 years 

(standard deviation [SD] = 3.5) of follow-up. Participants had an average age of 78.3 (SD = 5.4) at 

baseline, and 62% were women. Among all participants, after controlling for demographic 

variables and medical comorbidities, a 1-point increase in GDS was associated with higher 

incidence of dementia (hazard ratio [HR] = 1.11, P = .007). After up to 3 years of follow-up, 

depressive symptoms were not significantly associated with dementia incidence (HR = 1.09; P 
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= .070). However, after more than 3 years, GDS score was a significant predictor of incident 

dementia (HR = 1.13, P = .028).

Conclusions: Our results suggest that depressive symptoms are associated with an increased 

risk of incident dementia in older adults.
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Introduction

The prevalence of Alzheimer disease (AD) and dementia is increasing as the population 

ages,1 imposing significant burden on patients, caregivers, and society.2 Identifying risk 

factors and protective factors for dementia is an essential first step toward the development 

of effective preventive interventions.3 Risk factors are either immutable (eg, age, gender, and 

ethnicity) or potentially modifiable. Many studies have suggested mood disorders and 

specially depression as potential remediable risk factors for dementia.4

Both clinical diagnoses of depression and subclinical depressive symptoms are very 

common in older adults5 and are associated with reduced health-related quality of life, 

increased medical costs,6 and cognitive decline.7 In addition to high rate of co-occurrence of 

depression with dementia,8 they share similar risk factors (stress, chronic pain, vascular 

disease, and so on)9 and similar regional changes in brain structure such as hippocampal 

atrophy10 and volume loss in inferior parietal and medial temporal lobes.11 Over the past 2 

decades, several studies have linked late-life depression to the development of cognitive 

impairment and dementia.12–17 Some studies have failed to replicate these findings, 

potentially due to differences in the population of study, lack of power, or using different 

methods for measuring depressive symptoms.18,19 Many of these studies used clinical 

diagnosis of depression or a cutoff for depression scales, a valid approach for assessing 

major depression as a risk factor.18,19 However, only a few studies have examined the wider 

spectrum of depressive symptoms that including subclinical depression might also be of 

significance for the development of dementia.20,21

Studies of depression in elderly patients and dementia risk have been conflicting; most 

support an association, yet the nature of this association remains unclear22; depression could 

be a risk factor for dementia or a manifestation of subclinical dementia. Previously, our 

group has investigated the effect of severity of baseline depressive symptoms on risk of 

incident amnestic mild cognitive impairment (aMCI), showing that mild depressive 

symptoms in men and moderate/severe symptoms in women might be predictive of future 

aMCI in older adults.23 Most studies suggest an association between depression and 

cognitive decline,17 but the directionality of this association remains uncertain. Considering 

the long preclinical phase of dementia, it is conceivable that subclinical dementia causes 

depressive symptoms (ie, the reverse causality hypothesis). Although determining causality 

(or reverse causality) using data from cohorts is difficult, different approaches and statistical 

methods have been suggested to investigate causality using longitudinal data.24 One way to 

address this issue is to study the association of depression and dementia over a long follow-
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up time and then explore the association over short-term versus long-term follow-up period. 

Under the hypothesis that depression is a risk factor for dementia, we would expect to see an 

association between depression and incident dementia both in short-term and long-term 

follow-up periods, with a stronger association in long-term follow-up (ie, higher hazard ratio 

[HR]). Conversely, under the reverse causality hypothesis, one would expect to see a 

stronger association between depression and incident dementia in short-term follow-up.

The Einstein Aging Study (EAS), with more than 17 years of prospective data on depressive 

symptoms and cognitive function in a community-based sample of older adults, provides an 

opportunity to examine the role of depressive symptoms as risk factor for development of 

dementia. Although many studies have suggested depression is a risk factor for AD and 

dementia, it is not clear weather depressive symptoms (or subclinical depression) should be 

considered as risk factor for AD or dementia. Therefore, the aim of this study was to 

primarily explore the effect of depressive symptoms on the risk of incident all-cause 

dementia and AD and also to assess the different effects of short-term and long-term follow-

up periods.

Methods

Study Population

The EAS is a community-based longitudinal study of cognitive aging and dementia located 

in Bronx, New York. The EAS is a longitudinal study of community-dwelling individuals 

aged 70 years and older residing in the Bronx, New York, initiated in 1993. Einstein Aging 

Study is a racially and ethnically diverse urban county. Participants were recruited initially 

using Health Care Financing Administration/Centers for Medicaid and Medicare Services 

(HCFA/CMS) rosters of Medicare-eligible persons aged 70 years and older. Medicaid/

Medicare lists provide an extremely useful sampling frame for the target population. 

According to the CMS in the United States, these lists include 97% of community-residing 

individuals older than 65 years. Since 2004, New York City Board of Elections registered 

voter lists for the Bronx were used due to changes in policies for release of HCFA/CMS 

rosters.25 We estimate that the voter lists provide a sampling frame that includes over 90% 

of community-residing individuals older than 65 years using US Census data as a reference. 

The samples recruited using either strategy were similar with respect to age at baseline, sex, 

and education. Eligibility criteria for being enrolled in EAS study are age of 70 years or 

older, English speaking, and being nondemented at initial study visit. Comparison with US 

Census data indicates that the cohort is representative of the Bronx County community with 

respect to sex and educational level. Participants undergo annual assessments including 

clinical evaluations, a neuropsychological battery, psychosocial measures, medical histories, 

demographics, standardized assessments of activities of daily living, and self- and informant 

reports of memory and cognitive complaints. Study details are described elsewhere.25

This analysis includes data from participants enrolled between August 1994 and May 2016 

with additional inclusion criteria including completion the Geriatric Depression Scale (GDS) 

and having at least 1 subsequent annual follow-up.
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Standard Protocol Approvals, Registrations, and Patient Consents

Written informed consent was obtained from all participants at study entry. Study protocols 

were approved by the Einstein institutional review board.

Clinical Information and Measurement of Risk Factors

Trained research assistants used structured questionnaires to obtain demographic 

information (age, sex, race/ethnicity, and years of education) as well as medical history at 

each annual visit. Using baseline medical history, we calculated a medical comorbidity index 

score26 (ranging from 0 to 9) from dichotomous self-report (present vs absent) of 

hypertension, diabetes, stroke, myocardial infarction, angina, congestive heart failure, 

Parkinson disease, rheumatoid arthritis, and chronic obstructive pulmonary disease as 

previously described.26 All participants also completed a comprehensive neuropsychological 

assessment that included the Blessed Information-Memory-Concentration (BIMC) test (a 

test of global cognitive function).27

The 15-item GDS was used to evaluate the presence of depressive symptoms.28 The GDS 

scores range from 0 to 15, and a cutoff of 6 or greater is used in many studies to determine 

clinically significant depression.29 Validity and reliability of GDS in cognitively normal and 

MCI groups has been established in prior studies.30,31

Dementia Diagnosis

Dementia was diagnosed according to standardized criteria at the time of study from the 

Diagnostic and Statistical Manual, Fourth Edition, and required impairment in memory plus 

at least 1 additional cognitive domain, accompanied by evidence of decline from a previous 

level of functioning.31 A licensed neuropsychologist used normative data to determine 

whether impairment existed in any of the 5 cognitive domains.32 A physician independently 

interviewed and examined each participant, completed a Clinical Dementia Rating scale, and 

documented a clinical impression of whether dementia was present.33–35 Final diagnostic 

determination was made at consensus case conferences attended by the neuropsychologist 

and a board-certified neurologist. Diagnosis of AD was made in individuals with dementia 

who met clinical criteria for probable or possible disease established by the National 

Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer 

Disease and Related Disorders Association.32

Statistical Methods

We assessed GDS as a continuous variable. The effect of baseline GDS on the risk of 

dementia incidence was evaluated using Cox proportional hazard regression analysis, and 

estimated HRs with 95% confidence intervals (CI) are reported. The time to event was 

defined as the time from the baseline visit to the visit at which dementia was first diagnosed 

or to the date of last follow-up. We ran 2 different sets of models: (1) basic model, which 

included age at enrollment, sex, race, educational level, and chronic medical comorbidity as 

covariates and (2) advanced models, which included all covariates from basic model plus 

BIMC. The BIMC was added as a covariate to models to account for possible effect of 

baseline cognitive function on the report of depressive symptoms.
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Initially, we examined the effect of baseline GDS on incident dementia. An analogous model 

was used to examine the effect of GDS on incident AD. Additionally, in a sensitivity 

analysis, participants were divided into 2 groups based on length of follow-up (<3 years vs 

≥3 years), and Cox proportional hazard models were repeated for each group. Finally, in 

another sensitivity analysis, models were repeated while excluding participants who had 

clinical diagnosis of depression at baseline (based on self-reports). The proportional hazard 

assumptions for all models were adequately met according to methods based on scaled 

Schoenfeld residuals.33 For illustrative purposes, participants were categorized into 3 groups 

with no/mild (GDS = 0, 1, or 2), moderate (GDS = 3, 4, or 5), and severe (GDS ≥6) 

depressive symptoms, and Kaplan-Meier survival curve for dementia is presented based on 

this categorization.23 All other statistical analyses were conducted using SPSS version 25 

(SPSS Inc, Chicago, Illinois).

Results

Demographics and Sample Characteristics

Table 1 shows baseline characteristics stratified by individuals who at final assessment 

developed dementia or remained dementia free. The study included 1219 individuals, 62% 

of which were females. Mean age at baseline was 78.3 years (standard deviation [SD] = 5.3). 

Participants were followed for a maximum of 17.2 years (mean 4.4, SD = 3.1), during which 

132 individuals developed the new onset of dementia (for more information about incidence 

rate of dementia in EAS population, please see Derby et al34). Applying the accepted cutoff 

of 6 or greater for GDS, 9.6% (N = 118) of the study population had clinically relevant 

depressive symptoms at baseline. Our statistic models assessed GDS as a continuous 

variable with values ranging from 0 to 15, although we present results graphically 

trichotomizing GDS as noted below. The group that developed dementia were on average 

older (t = 5.4, P < .001) but did not differ in sex, race, and education.

Depressive Symptoms and Incidence of All-Cause Dementia and AD

In basic models, Cox proportional hazard models showed that for each point of increase in 

depressive symptoms scale, the risk of all-cause dementia increased (HR, 1.11; 95% CI, 

1.03-1.19; P = .007) after adjusting for age, sex, race, education, and medical comorbidity 

(Table 2). In advanced models, while accounting for the effect of baseline cognitive function 

(BIMC score added to the model as covariate), the effect of baseline depressive symptoms 

on incident dementia remained significant (HR, 1.08; 95% CI, 1.01-1.16; P = .041). Kaplan-

Meier curves comparing the risk of dementia for those with no/mild depressive symptoms 

(GDS = 0, 1, or 2), moderate depressive symptoms (GDS = 3, 4, or 5), or severe depressive 

symptoms (GDS ≥6) is shown in Figure 1.

Of the 132 individuals with incident dementia, 111 met criteria for probable or possible AD. 

Repeating Cox proportional hazard models for prediction of AD as the outcome yielded 

similar results (Table 2). In both basic and advanced models, depressive symptoms were a 

significant predictor of dementia due to AD (HR, 1.13; 95% CI, 1.03-1.20; P = .001, and 

HR, 1.14; 95% CI, 1.05-1.22; P = .009, respectively).
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Subsequently, in order to further evaluate the possibility of reverse causality, that is, persons 

with preclinical cognitive impairment may be more vulnerable to depression, we conducted 

sensitivity analyses by stratifying outcomes based on time to dementia diagnosis (“short-

term” or <3 years vs “long-term” or ≥3 years). The results indicated that the effect of 

baseline depressive symptoms on incident dementia remained significant only in the group 

with incidence more than 3 years after enrollment (Table 3). Although results for dementia 

onset over <3 years was not statistically significance.

Finally, to evaluate whether active treatment for a diagnosis of clinical depression and use of 

medications for treatment (based on self-reports) had any effect on the outcomes, we 

performed a sensitivity analysis excluding participants who had a clinical diagnosis of 

depression at baseline visit (N = 125). In these models, depressive symptoms remained a 

significant predictor of incident dementia (HR, 1.13; 95% CI, 1.04-1.22; P = .003).

Discussion

This cohort study demonstrates a significant association between higher depressive 

symptoms and increased incidence of both all-cause dementia and AD. Although the hazard 

ratio of 1.10 may seem modest, this reflects increased risk for every point on the GDS, a 

scale whose values range from 0 to 15. The risk of dementia associated with depressive 

symptoms was stronger after 3 years of follow-up, although there was a nonsignificant trend 

during the first 3 years of follow-up.

Many of the previous studies that have examined the association between depression and 

dementia in older adults indicated that depression at baseline predicts incident dementia,
12–17 and some studies have not found these associations.18,19 Discrepancies among studies 

may be partially related to the methods that were used to diagnose clinical depression or the 

use of cutoff scores for diagnosis of depression. Such methods might underestimate the 

effect of mild or moderate depressive symptoms in patients who do not meet clinical criteria 

for depression. Overall, our results are in line with other studies that examine the wider 

spectrum of depressive symptoms.20,21

Different explanations for the observed association between depression and incident 

dementia have been suggested.9 One possible explanation could be the effect of confounding 

measures like treatment for clinical depression. In a sensitivity analysis, we found that 

excluding participants who had severe symptoms consistent with a clinical diagnosis of 

depression or were treated for it during the follow-up time, depressive symptoms remained a 

significant risk for incident dementia. In addition, risk factors common to depression and 

dementia, such as cerebrovascular disease, could explain this association.35 Finally, 

depression could be a manifestation of preclinical dementia in persons free of full-blown 

dementia. We investigated this hypothesis with 2 different methods. First, BIMC, a test of 

mental status known to be sensitive to cognitive performance prior to the diagnosis of 

dementia, was added to the models to account for baseline cognitive function.36 If 

depression is a manifestation of preclinical dementia, and BIMC is sensitive to subtle 

cognitive decline, adjustment for BIMC should attenuate the effect of depression on incident 

dementia. The effect of depressive symptoms on incident dementia remained significant in 
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models accounting for the BIMC. Second, under the reverse causality hypothesis, we would 

expect to see a higher HR when baseline depressive symptoms were measured close to the 

time of dementia diagnosis. However, our results indicated that the association between 

depressive symptoms and incident dementia was slightly higher in the long-term follow-up 

group. These results support the hypothesis that depression is a risk factor for incident 

dementia and not a manifestation of preclinical dementia. Another plausible explanation 

based on our findings is that depressive symptoms may have a true causal effect on incident 

dementia through hippocampal damage mediated by the influence of depression on the 

hypothalamic–pituitary–adrenal axis.37,38 This finding is the opposite of the prediction, 

which would be made under the reverse causality hypothesis. It should be noted that the 

observed differences were minimal, and there was significant overlap between upper and 

lower limits of HR in the models, and therefore the results must be interpreted cautiously. 

Although our study could not directly address the exact mechanisms linking depression and 

dementia, the observation that depressive symptom is a significant predictor of incident 

dementia in the long-term follow-up group is in favor of this hypothesis.

Similar to other observational data, this study cannot directly address the crucial mechanistic 

question of whether depression is a symptom of cognitive impairment (ie, if depression and 

dementia are different symptoms of the same underlying process) or whether depression 

adds independently to the risk of incident cognitive impairment. One potential mechanism is 

the growing evidence that inflammatory mechanisms are important in the neurotoxicity of 

AD39and in mood disorders.40 Future studies may address these mechanistic pathways by 

examining the association of depressive symptoms and biomarkers in prodromal dementia 

states.

Strengths of this study include using a large community-based sample of older adults 

spanning over 17.2 years. However, there are also some limitations that warrant mention. 

The GDS elicits self-report retrospective reports of depressive symptoms over a 1-month 

period and might not be a true representation of depressive symptoms over a longer period 

of time. One solution to this issue in future studies is to prospectively collect information 

about daily depressive symptoms over the course of weeks or months. Furthermore, the 

residual confounding due to unknown or unmeasured confounders such as physical activity, 

diet, or genetic factors that could predispose to both depressive symptoms and cognitive 

decline and effect of medications that are not intended for treatment of depression but affect 

mood and depressive symptoms (eg, β-blockers) were not assessed in this study. It is also 

important to note that this study focuses on the presence and effect of depressive symptoms 

on incident dementia in adults aged older than 70 years; however, the presence of early-life 

and midlife depressive symptoms can also affect cognitive function in later life. Future 

research is needed to isolate the specific psychological and biological elements of depression 

that drive the relationship between depression and cognitive decline to better understand the 

underlying mechanistic pathways and identify intervention strategies.

In conclusion, our study of community-based older adults demonstrates that depressive 

symptoms are an independent predictor of dementia. Since the presence of clinical 

depression or depressive symptoms are potentially remediable risk factors for dementia, the 

mechanisms that link depression to cognitive decline merit further exploration. Depression 
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has huge potential for being targeted with a variety of interventions such as mindfulness, 

psychotherapy, and pharmacologic treatments, which could, in turn, decrease incident 

dementia.
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Figure 1. 
Kaplan-Meier survival curves for 3 levels of depressive symptoms (blue line: no/mild 

depressive symptoms, red line: moderate depressive symptoms, green line: severe depressive 

symptoms).
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Table 1.

Baseline Demographic Variables in the Entire Sample and by Dementia Status at Follow-Up.

Total Sample, N = 1219 Remained Free of Dementia, n = 1087 Developed Dementia, n = 132

Women, n (%) 756 (62) 670 (61.6) 86 (65.2)

Race, white, n (%) 801 (65.7) 715 (65.8) 86 (65.2)

Age, years (SD) 78.3 (5.3) 78.1 (5.3) 80.7 (5.4)

Education, years, mean (SD) 13.8 (3.5) 13.9 (3.5) 13.5 (3.7)

GDS, mean (SD) 2.3 (2.3) 2.30 (2.3) 2.5 (2.3)

BIMC, mean (SD) 2.38 (2.3) 2.14 (2.1) 4.27 (2.9)

Follow-up time, years, mean (SD) 4.5 (3.5) 4.6 (3.5) 4.2 (3.2)

Abbreviations: BIMC, blessed information-memory-concentration; GDS, Geriatric Depression Scale; SD, standard deviation.
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