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Abstract

IMPORTANCE—Depression has been identified as a risk factor for dementia. However, most 

studies have measured depressive symptoms at only one time point, and older adults may show 

different patterns of depressive symptoms over time.

OBJECTIVE—To investigate the association between trajectories of depressive symptoms and 

risk of dementia in older adults.

DESIGN, SETTING, AND PARTICIPANTS—This was a prospective cohort investigation of 

black and white community-dwelling older adults in the Health, Aging, and Body Composition 

study. Participants were enrolled between May 1997 and June 1998 and followed up through 

2001–2002. The dates of this analysis were September 2014 to December 2015. The setting was 

community research centers in Memphis, Tennessee, and Pittsburgh, Pennsylvania. Trajectories of 
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depressive symptoms were assessed from baseline to year 5. Symptoms were measured with the 

Center for Epidemiologic Studies Depression Scale Short Form, and trajectories were calculated 

using latent class growth curve analysis.

MAIN OUTCOMES AND MEASURES—Incident dementia through year 11, determined by 

dementia medication use, hospital records, or significant cognitive decline (≥1.5 SD race-specific 

decline on the Modified Mini-Mental State Examination). We examined the association between 

depressive symptom trajectories and dementia incidence using Cox proportional hazards 

regression models adjusted for demographics, health factors that differed between groups, and 

cognition during the depressive symptom assessment period (baseline to year 5).

RESULTS—The analytic cohort included 2488 black and white older adults with repeated 

depressive symptom assessments from baseline to year 5 who were free of dementia throughout 

that period. Their mean (SD) age at baseline was 74.0 (2.8) years, and 53.1% (n = 1322) were 

female. The following 3 depressive symptom trajectories were identified: consistently minimal 

symptoms (62.0% [n = 1542] of participants), moderate and increasing symptoms (32.2%[n = 

801] of participants), and high and increasing symptoms (5.8% [n = 145] of participants). 

Compared with the consistently minimal trajectory, having a high and increasing depressive 

symptom trajectory was associated with significantly increased risk of dementia (fully adjusted 

hazard ratio, 1.94; 95% CI, 1.30–2.90), while the moderate and increasing trajectory was not 

associated with risk of dementia after full adjustment. Sensitivity analyses indicated that the high 

and increasing trajectory was associated with dementia incidence, while depressive symptoms at 

individual time points were not.

CONCLUSIONS AND RELEVANCE—Older adults with a longitudinal pattern of high and 

increasing depressive symptoms are at high risk for dementia. Individuals’ trajectory of depressive 

symptoms may inform dementia risk more accurately than one-time assessment of depressive 

symptoms.

The relationship between depression and cognition in aging is complex, with evidence 

supporting different temporal associations between depressive symptoms and the onset of 

cognitive decline and dementia.1 Some studies2,3 suggest older adults may develop 

depressive symptoms in reaction to experiencing cognitive decline, other researchers 

identify depression as a risk factor for dementia,4 and others theorize that depressive 

symptoms and cognitive decline may both be symptoms of an underlying neurodegenerative 

process.5

Most studies investigating the association between depressive symptoms and development of 

dementia have been limited by measuring depressive symptoms at only one time point. This 

approach does not capture intraindividual variability in symptoms or the longitudinal course 

of depressive symptoms, which may be particularly important because older individuals 

appear to experience different patterns of depressive symptoms over time.6–8 For example, a 

study7 of older women followed up for approximately 20 years showed that individuals 

tended to exhibit the following 4 longitudinal patterns of depressive symptoms: trajectories 

of “minimal,” “persistently low,” “increasing,” and “persistently high” symptoms. It remains 

unclear whether different trajectories of depressive symptoms confer differential risk for 

dementia.
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We investigated the association between trajectories of depressive symptoms and risk of 

dementia among black and white older adults followed up prospectively in the Health, 

Aging, and Body Composition (Health ABC) study. We hypothesized that individuals with 

particularly deleterious depressive symptom trajectories (eg, increasing or persistently high 

symptoms)would be most likely to develop dementia. We also investigated whether the 

effect of depressive symptom trajectories on dementia risk differed by sex, race, or APOE 
(OMIM 107741) ε4 carrier status because some evidence suggests that depression or its 

association with dementia may differ by these factors.9–11 In addition, we investigated 

whether depressive symptom trajectories provide information regarding risk of dementia 

beyond that captured by one-time assessment of depressive symptoms.

Methods

Population

Participants were from the Health ABC prospective cohort study of community-dwelling 

older adults conducted in Memphis, Tennessee, and Pittsburgh, Pennsylvania. Potential 

participants were identified and contacted based on a random sample of white and all black 

Medicare-eligible older adults within designated zip codes. Eligibility criteria included self-

report of no difficulties performing activities of daily living, walking a quarter of a mile, or 

climbing 10 steps without resting and no plans to leave the are a within 3 years. Of 22 999 

individuals identified, 8695 could not be contacted, 7250 declined, 3082 were ineligible, and 

897 were deceased, institutionalized, or had moved away. A total of 3075 adults (age range, 

70–79 years)were enrolled between May 1997 and June 1998 and followed up through 

2001–2002 for the present study. The dates of the analysis were September 2014 to 

December 2015. Institutional review boards at the University of Pittsburgh, University of 

Tennessee(Memphis), and University of California (San Francisco) approved the study. All 

participants provided written informed consent. Prior publications give additional details 

about the Health ABC study.12–15

Key Points

Question

Are different trajectories of depressive symptoms in older adults associated with risk of 

dementia?

Findings

In this prospective cohort study of 2488 older adults, a trajectory of high and increasing 

depressive symptoms was associated with significantly increased risk of dementia even 

when accounting for other factors and severity of depressive symptoms measured at 

single time points.

Meaning

Older adults who exhibit a pattern of chronically high and increasing depressive 

symptoms over time may be at higher risk of subsequently developing dementia.
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For the present study, we investigated whether depressive symptom trajectories from 

baseline (year 1) to year 5 (1997–1998 through 2001–2002)were associated with subsequent 

development of dementia through year 11 (2007–2008). This analysis time line (Figure 1) 

was specified to assess depressive symptom trajectories over approximately the first half of 

the study and investigate whether these trajectories were associated with development of 

dementia during later years. Because we aimed to characterize longitudinal patterns of 

depressive symptoms from baseline to year 5, we excluded participants with fewer than 2 

depression assessments during that interval (193 individuals met this criteria). To investigate 

whether depressive symptom trajectories were associated with later development of 

dementia, we excluded participants whom et criteria for dementia during the depressive 

symptom assessment period (142 individuals met this criteria), and we also excluded 

participants who did not complete the year 5 visit or have follow-up for dementia after year 

5 (432 individuals met these criteria). After these exclusions, the analytic cohort consisted of 

2488 participants (mean [SD] age at baseline, 74.0 [2.8] years; 38.4% [n = 956] black; and 

53.1%[n = 1322] female), who had a mean (SD) of 3.9 (0.3) depression assessments 

between baseline and year 5 and a mean (SD) of 4.9 (1.9) years of follow-up for dementia 

after year 5.

Measures

Depressive Symptoms—Depressive symptoms were measured at years 1, 3, 4, and 5 

with the Center for Epidemiologic Studies Depression Scale Short Form(CES-D-10),16 a 10-

item self-report scale of symptoms over the past week. The maximal total score is 30, with 

higher scores reflecting greater symptoms and a score of 10 or higher indicating clinically 

significant depression.16

Incident Dementia—Incident dementia was determined based on hospital records, 

medication use, and decline in global cognitive functioning, as in previous Health ABC 

studies.17–19 Participants were queried every 6 months about the occurrence of 

hospitalizations, and Health ABC staff requested records associated with the 

hospitalizations. To obtain medication information, participants were asked to bring their 

medications to each clinic visit for study staff to record. To assess global cognitive 

functioning, participants were repeatedly administered the Modified Mini-Mental State 

Examination (3MS),20 a cognitive screening measure that assesses orientation, 

concentration, language, praxis, and immediate and delayed memory. The 3MS, with a score 

range of 0 to 100 points, has been shown to be more sensitive in detecting dementia than 

other cognitive screening instruments.21

Dementia incidence was determined based on a combination of criteria, with the date of 

dementia onset defined as the date a participant first met any of the following criteria: (1) 

record of hospitalization indicating dementia as a primary or secondary diagnosis, (2) record 

of a prescription for dementia medication (eg, galantamine hydrobromide, rivastigmine, 

memantine hydrochloride, donepezil hydrochloride, or tacrine hydrochlroide), or (3) 

evidence of clinically significant decline in global cognitive functioning based on the 3MS 

scores (≥1.5S Drace-specific decline from an individual’s baseline 3MS score to the 3MS 

score at his/her last available visit). The date of dementia diagnosis by the latter criterion 

Kaup et al. Page 4

JAMA Psychiatry. Author manuscript; available in PMC 2017 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was considered to be when an individual’s 3MS score first fell below the cutoff for a 1.5 SD 

race-specific decline in comparison with his or her baseline 3MS score. Time to event was 

defined as the time between a participant’s year 5 visit and when the participant was either 

classified as having incident dementia or censored from observation at the last available 

contact.

Other Variables—Age, sex, race, and education were self-reported at baseline. Literacy, in 

terms of reading grade level, was assessed shortly after baseline using the Rapid Estimate of 

Adult Literacy in Medicine (REALM).22 Cardiovascular comorbidities, including diabetes 

mellitus, hypertension, history of stroke or transient ischemic attack, and history of 

myocardial infarction, were determined at baseline and follow-up visits based on a 

combination of self-report data, physician diagnosis, medications, and laboratory values. 

Body mass index (calculated as weight in kilograms divided by height in meters squared) 

was recorded at baseline and follow-up visits from direct height and weight measurements. 

Participants self-reported cigarette smoking. APOE genotype testing was conducted via 

standard single-nucleotide polymorphism analyses, and participants were coded as ε4 

carriers vs noncarriers. Treatment for depression with antidepressant medication was 

determined based on medication information collected at clinic visits, taking into account 

that antidepressant use was related to depression rather than other indications.

Statistical Analysis

We evaluated trajectories of depressive symptoms over the first 5 years using latent class 

growth curve analysis, a semipara-metric analysis that differentiates groups of individuals 

based on their probability of following a similar trajectory on an outcome overtime.23 We 

conducted latent class growth curve analysis using a statistical procedure (SAS Proc Traj; 

SAS Institute Inc) to estimate the mean trajectories of CES-D-10 scores (measured at years 

1, 3, 4, and 5) across visits. The repeated CES-D-10 scores were modeled as censored 

normal.24 We evaluated the appropriate number of trajectories and trajectory shape 

following recommended procedures.24 We required that each trajectory group had to include 

at least 5% of participants.24 Model selection proceeded in the following manner. For each 

model specifying a given number of trajectories, we tested linear, quadratic, and cubic terms 

to determine what shapes best fit the data (terms were considered significant if P < .05). 

Using the resulting models, we evaluated the appropriate number of trajectories by 

calculating the estimated log Bayes factor, which compares Bayesian information criterion 

values between models.23 Log Bayes factor values exceeding 10 are considered a “very 

strong” indicator that the more complex model better fits the data.23 These procedures 

indicated that a model with 3 trajectories (2 cubic and 1 quadratic) was superior to models 

with fewer trajectories (log Bayes factor for 2-trajectory model vs 1-trajectory model was 

2368.06, and log Bayes factor for 3-trajectory model vs 2-trajectory model was 607.34). 

Although a model with 4 trajectories was associated with further improvement in model fit 

(log Bayes factor, 228.52), this model yielded a trajectory with less than 5% of participants. 

Therefore, we selected the 3-trajectory model for use in subsequent analyses.

We used χ2 tests and analyses of variance to explore whether participant characteristics 

differed between depressive trajectory groups. To examine the association between 
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depressive symptom trajectories and risk of dementia, we plotted Kaplan-Meier survival 

curves and conducted Cox proportional hazards regression models that specifically 

investigated the association between depressive symptom trajectories (from baseline to year 

5) and dementia incidence after year 5. Model 1 was unadjusted. Model 2 adjusted for 

demographics (age, sex, and race), education, and literacy. Model 3 additionally adjusted for 

comorbidities and other health factors that differed between trajectory groups (P < .10). 

These variables were assessed at year 5 to enable investigation of the effect of depressive 

symptom trajectories on dementia risk independent of other health factors that had 

developed by the end of the depressive symptom assessment period. Model 4 additionally 

adjusted for individuals’ mean 3MS score over year 1 to year 5 and the 3MS difference score 

(year 5 minus year 1) to account for differences in overall level of cognitive functioning and 

cognitive change during the depressive symptom assessment period. Using model 4, we 

tested for interactions between depressive symptom trajectory with sex, race, and APOE ε4 

carrier status in predicting risk of dementia.

We conducted sensitivity analyses to investigate whether depressive symptom trajectories 

were associated with dementia risk above and beyond the effect of depressive symptoms 

captured by one-time assessment. To investigate whether trajectories were more informative 

than individuals’ baseline depressive symptoms, we additionally adjusted model 4 for 

baseline CES-D-10 score. To investigate whether depressive trajectories were more 

informative than individuals’ final depressive symptom score, we additionally adjusted 

model 4 for year 5 CES-D-10 score.

Statistical analyses were conducted using software programs( SAS, version 9.4; SAS 

Institute Inc and Stata, version 13.1; Stata Corp LP). Statistical significance was set at P < .

05(2 tailed).

Results

As shown in Figure 2, the 3 depressive symptom trajectories reflected patterns of minimal, 

moderate, or high symptoms regarding overall symptom level. Symptoms also tended to 

increase over time in each trajectory but particularly so in the latter 2; therefore, we labeled 

the 3 trajectories as consistently minimal, moderate and increasing, and high and increasing 

symptoms. Among 2488 older adults, predicted group membership in the 3 trajectories was 

as follows: 62.0%(n = 1542)with consistently minimal symptoms, 32.2% (n = 801)with 

moderate and increasing symptoms, and 5.8%(n = 145)with high and increasing symptoms. 

The mean posterior probabilities of group membership for each trajectory (0.92 for 

consistently minimal, 0.87 for moderate and increasing, and 0.91 for high and increasing) 

suggested strong reliability. As summarized in Table 1, sex, race, education, and literacy 

differed across trajectory groups. The presence of the following health factors, as assessed at 

year 5 (by the end of the depressive symptom assessment period), also differed between 

trajectory groups: history of stroke or transient ischemic attack, history of myocardial 

infarction, hypertension, and cigarette smoking. In addition, trajectory groups differed in the 

mean 3MS score and the 3MS score change from year 1 to year 5.
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Overall, 353 participants (14.2%) developed dementia and did so a mean (SD) of 3.9 (1.7) 

years after the depressive symptom assessment period (28.7 cases per 1000 person-years). 

Kaplan-Meier survival curves by depressive symptom trajectory group (Figure 3) indicated 

that the groups significantly differed in dementia incidence (P < .001 by log-rank test). 

Results of unadjusted and adjusted Cox proportional hazards regression models are 

summarized in Table 2. Compared with individuals with consistently minimal depressive 

symptoms, those with high and increasing symptoms were significantly more likely to 

develop dementia even in the fully adjusted model 4 (adjusted hazard ratio [HR], 1.94; 95% 

CI, 1.30–2.90). While the moderate and increasing symptom trajectory was associated with 

increased risk of dementia in models 1 through 3, this association was reduced and became 

nonsignificant in model 4 after adjusting for mean cognitive functioning and cognitive 

change during the depressive symptom assessment period (adjusted HR, 1.16; 95% CI, 

0.91–1.49). There were no interactions between depressive symptom trajectory and sex, 

race, or APOE ε4 carrier status (P > .05 for all).

Sensitivity analyses examining whether depressive symptom trajectories were associated 

with risk of dementia above and beyond depressive symptoms at one time point yielded 

results similar to our primary findings. After adding adjustment for year 1 CES-D-10 score 

to model 4, the high and increasing depressive symptom trajectory was significantly 

associated with dementia incidence (adjusted HR, 1.75; 95% CI, 1.04–2.93), while the 

moderate and increasing symptoms trajectory was not (adjusted HR, 1.13; 95% CI, 0.85–

1.48). There was no association between year 1 CES-D-10 score and dementia incidence in 

this model (adjusted HR, 1.01; 95% CI, 0.97–1.06). This same pattern was apparent when 

adding adjustment for year 5 CES-D-10 score to model 4, with adjusted HRs of 2.08 (95% 

CI, 1.17–3.70) for high and increasing symptoms, 1.20(95% CI, 0.88–1.63) for moderate 

and increasing symptoms, and 0.99 (95% CI, 0.96–1.03) for year 5 CES-D-10 score.

To explore whether treatment with antidepressant medication influenced findings, we added 

adjustment for antidepressant medication use during the depressive symptom assessment 

period to model 4, and results remained similar. However, only 6.2% (n = 154) of the cohort 

took antidepressant medication, limiting our ability to further explore medication effects.

Discussion

We found that older adults with patterns of moderate and increasing and high and increasing 

depressive symptoms were more likely to develop dementia than those with consistently 

minimal symptoms. After adjusting for individuals’ cognitive functioning at the time of their 

depressive symptom trajectories, only the high and increasing trajectory remained associated 

with increased risk of dementia. Whether depression is a risk factor for dementia vs a 

symptom of an underlying neurodegenerative process is a complex question. Although our 

study cannot fully disentangle these possibilities, our results suggest the nature of the 

depression-dementia relationship may differ depending on the pattern of depressive 

symptoms. Given that predementia cognitive functioning at least partially explained the 

association we observed between the moderate and increasing depressive symptom 

trajectory and dementia risk, it is possible that older adults with that trajectory were 

experiencing depressive symptoms as an emotional reaction to already being in the early 
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stages of cognitive decline. Alternatively, the same underlying disease process may give rise 

to both cognitive decline and moderate and increasing depressive symptoms. In contrast, our 

results suggest that a trajectory of high and increasing depressive symptoms is an 

independent risk factor for dementia. Older adults following that trajectory were almost 

twice as likely to develop dementia even after adjusting for cognitive functioning at the time 

of their depressive trajectories. Moreover, dementia risk associated with that trajectory was 

not simply due to high baseline depressive symptoms or high symptoms at the most recent 

time point. Instead, a pattern of depressive symptoms that are both chronically high and 

increasing over time appears particularly impactful in increasing dementia risk.

There are many potential mechanisms by which depressive symptoms may either lead to 

dementia or be a prodromal phase of dementia. Both major depression and depressive 

symptoms in older adults are associated with reductions in hippocampal volume,25,26 and 

the neurotoxicity hypothesis posits that glucocorticoids released in response to stress may be 

responsible for this atrophy.27 Associations between depression and β-amyloid levels28 raise 

the possibility that depressive symptoms may be an early indication of preclinical Alzheimer 

disease or that depression may more directly lead to development of Alzheimer 

neuropathology.29 Cerebrovascular disease30,31 and inflammation32 may also underlie the 

depression-dementia relationship because these processes are associated with both 

depressive symptoms and cognitive decline. Future research is needed to clarify whether 

mechanisms driving associations between depressive symptoms and dementia may differ 

depending on the pattern of depressive symptoms that individuals experience over time.

Our results suggest that tracking older persons’ depressive symptoms over time in clinical 

settings may help identify individuals at greatest risk for dementia. This recommendation is 

in line with previous findings of related cohort studies of older women (primarily individuals 

of white race), which found that women with high depressive symptoms at 2 time points33 or 

greater cumulative burden of depressive symptoms over time34 were most likely to develop 

cognitive impairment. Building on this work, our study suggests that the clinical importance 

of tracking older adults’ depressive symptoms over time extends to more diverse older adult 

populations because associations we observed were similar across men and women, black 

and white individuals, and regardless of APOE ε4 status.

Strengths of our study include a novel analysis to identify different depressive symptom 

trajectories and explore associations with dementia risk. Our study benefits from the ability 

to divide follow-up time into 2 segments, which helps establish temporal precedence of the 

observed relationships. Limitations include that our analysis time line was somewhat 

arbitrary, and we cannot confirm causality, nor can we be certain of when the earliest stages 

of neurodegeneration first began among individuals who developed dementia, particularly 

because dementia can have a long prodromal period.35 Relatedly, because our dementia out 

come was based on an algorithm rather than a clinical evaluation, misclassification is 

possible, and we cannot know if or how this design influenced our results. Our study also 

does not investigate risk of cognitive decline that does not reach the threshold of dementia. 

In addition, we studied a cohort of relatively healthy, mostly non depressed older adults 

rather than a clinical sample; therefore, results may differ for older adults who are seen in 

clinical settings for depression care.
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Conclusions

In summary, we identified a pattern of high and increasing depressive symptoms as an 

independent risk factor for dementia, while moderate and increasing depressive symptoms 

may be associated with incident dementia in relation to an underlying neurodegenerative 

disease process already in progress. Our results suggest that individuals’ trajectory of 

depressive symptoms may inform dementia risk above and beyond assessment of depressive 

symptoms at one time point alone. Because few participants in our study were taking 

antidepressant medication and no information about nonpharmacologic interventions was 

known, we were unable to thoroughly investigate the potential effect of treatment for 

depression on our findings. Future studies are needed to determine whether depression 

interventions, particularly for individuals with high and increasing symptoms, may help 

improve older adults’ depressive symptom trajectories and in turn reduce dementia risk.
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Figure 1. Study Design Showing the Time Line of Analysis
The time line was used to investigate the association between depressive symptom 

trajectories over years 1 through 5 and subsequent risk of dementia after year 5. 

Comorbidities and other health factor variables were assessed at year 5 to adjust models for 

health factors that had developed by the end of the depressive symptom assessment period. 

To adjust for differences in overall level of cognitive functioning and cognitive change 

during the depressive symptom assessment period, models were adjusted for the mean 

Modified Mini-Mental State Examination score over years 1 through 5 and the Modified 

Mini-Mental State Examination difference score (year 5 minus year 1).
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Figure 2. Depressive Symptom Trajectories From Baseline to Year 5 Among 2488 Older Adults
Shown are results of the latent class growth curve analysis used to identify groups of 

individuals following a similar trajectory of depressive symptoms over time, as assessed 

with the Center for Epidemiologic Studies Depression Scale Short Form (CES-D-10) score 

at years 1, 3, 4, and 5. The 3 depressive symptom trajectories that were identified are shown 

with 95% CIs (gray shaded area).
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Figure 3. Association Between Depressive Symptom Trajectory Group and Dementia-Free 
Survival Among 2488 Older Adults
Kaplan-Meier survival curves show dementia incidence after year 5 by depressive symptom 

trajectory group (P < .001 by log-rank test).
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Table 1

Participant Characteristics by Depressive Symptom Trajectory Group Among 2488 Older Adults

Characteristic
Consistently Minimal 
Symptoms (n = 1542)

Moderate and 
Increasing 

Symptoms (n = 801)
High and Increasing 
Symptoms (n = 145) P Value

Age at year 1, mean (SD), y 74.0 (2.8) 74.0 (2.8) 74.3 (2.9) .52

Female sex, No. (%) 736 (47.7) 487 (60.8) 99 (68.3) <.001

Black race, No. (%) 554 (35.9) 348 (43.5) 54 (37.2) .002

Education less than high school, No./total No. (%) 299/1540 (19.4) 232/799 (29.0) 43/145 (29.7) <.001

Ninth grade literacy or higher, No. (%) 1120 (72.6) 534 (66.7) 94 (64.8) .004

APOE ε4 carrier status, No./total No. (%) 377/1463 (25.8) 219/757 (28.9) 39/136 (28.7) .25

History of stroke or TIA at year 5, No. (%) 367 (23.8) 227 (28.3) 47 (32.4) .01

History of myocardial infarction at year 5, No. (%) 299 (19.4) 176 (22.0) 41 (28.3) .02

Hypertension at year 5, No./total No. (%) 1254/1540 (81.4) 686/801 (85.6) 122/145 (84.1) .03

Diabetes mellitus at year 5, No. (%) 325 (21.1) 190 (23.7) 34 (23.5) .31

Body mass index at year 5, mean (SD)a 27.2 (4.7) 27.4 (4.9) 27.7 (5.5) .39

Current cigarette smoking at year 5, No./total No. (%) 69/1332 (5.2) 50/678 (7.4) 15/130 (11.5) .006

3MS score over year 1 to year 5, mean (SD) 91.5 (6.8) 89.1 (8.4) 89.2 (8.0) <.001

3MS difference score, year 5 minus year 1, mean (SD) 0.2 (4.9) −0.2 (5.4) −0.8 (5.2) .05

Abbreviations: 3MS, Modified Mini-Mental State Examination; TIA, transient ischemic attack.

a
Calculated as weight in kilograms divided by height in meters squared.
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