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Abstract

Background. Depression and disability are closely linked. Less is known regarding clinical and subclinical depressive symptoms over time and 
risk of disability and mortality.
Methods. Responses to the Center for Epidemiologic Studies Short Depression scale (CES-D10) were assessed over a 4-year period in 
men (n = 1032) and women (n = 1070) aged 70–79 years initially free from disability. Depressive symptom trajectories were defined with 
group-based models. Disability (2 consecutive reports of severe difficulty walking one-quarter mile or climbing 10 steps) and mortality were 
determined for 9 subsequent years. Hazard ratios (HRs) were estimated using Cox proportional hazards adjusted for covariates.
Results. Three trajectories were identified: persistently nondepressed (54% of men, 54% of women, mean baseline CES-D10: 1.16 and 1.46), 
mildly depressed and increasing (40% of men, 38% of women, mean baseline CES-D10: 3.60 and 4.35), and depressed and increasing (6% 
of men, 8% of women, mean baseline CES-D10: 7.44 and 9.61). Disability and mortality rates per 1,000 person years were 41.4 and 60.3 in 
men and 45.8 and 41.9 in women. Relative to nondepressed, men in the mildly depressed (HR = 1.45, 95% confidence interval [CI] 1.11–1.89) 
and depressed trajectories (HR = 2.12, 95% CI 1.33–3.38) had increased disability; women in the depressed trajectory had increased disability 
(HR = 2.02, 95% CI 1.37–2.96). Men in the mildly depressed (HR = 1.24, 95% CI 1.01–1.52) and depressed trajectories (HR = 1.63, 95% CI 
1.10–2.41) had elevated mortality risk; women exhibited no mortality risk.
Conclusions. Trajectories of depressive symptoms without recovery may predict disability and mortality in apparently healthy older 
populations, thus underscoring the importance of monitoring depressive symptoms in geriatric care.

Key Words: Depression—Mood—Aging—Geriatric—Function 

Published by Oxford University Press on behalf of the Gerontological Society of America 2015.
228

Journals of Gerontology: Medical Sciences
cite as: J Gerontol A Biol Sci Med Sci, 2016, Vol. 71, No. 2, 228–235

doi:10.1093/gerona/glv139
Advance Access publication August 13, 2015

http://www.oxfordjournals.org/
mailto:rachel.murphy@ubc.ca?subject=


Depression is a pervasive public health problem; nearly 1 in 5 adults 
in the United States report at least mild depressive symptoms (1). 
The impact of depression on health is considerable. Depressive dis-
orders are one of the leading causes of disability worldwide (2) and 
are projected to become the leading cause by 2030 (3). Depression is 
also associated with increased mortality risk in general populations 
(4,5) and in those with chronic disease (6).

Although the link between depressive disorders and disability is 
well established (2), depressive disorders are commonly character-
ized as present or absent, which does not recognize subclinical levels. 
Depressive symptoms rather than presence or absence of depression 
may be important to examine among older adults who may have 
less obvious symptoms than younger persons and/or are less will-
ing to express their feelings, leading to lower likelihood of physician 
diagnosis (7). Similar to depressive symptoms (8), early detection of 
functional decline is linked with improved prognosis: a greater likeli-
hood of recovery and/or improvement (9).

Studies have also been limited by cross-sectional measures of 
depressive symptoms that do not capture the temporality of symp-
toms that underlie depressive disorders. Thus, approaches that 
model depressive symptoms over time have the potential to provide 
important insight. The limited number of studies with prospectively 
described depressive trajectories suggests that symptoms generally 
persist or increase and may follow different trajectories in men and 
women (10–15).

Increased depressive symptoms are observed among individuals 
with health conditions including type 2 diabetes, cardiovascular 
disease, cancer, arthritis, and asthma (16). Studies also show that 
these health conditions are linked to increased risk of disability 
and mortality (17). Likewise, unhealthy behaviors such as smok-
ing, alcohol consumption, low physical activity, and obesity are 
more common among individuals with depression (18) and are 
linked with disability and mortality (19,20). Low socioeconomic 
status and race are also related to both depression and adverse 
health outcomes (21).

The purpose of this study was to examine 4-year trajectories 
of depressive symptoms in older adults initially free from disabil-
ity using a group-based mixture method in relation to subsequent 
risk of disability and mortality. We hypothesized that depressive 
symptoms would generally increase over time, but there would be 
variability in patterns such that individuals in the highest depressive 
symptom trajectory would have the highest risk of disability and 
mortality.

Methods

The Health, Aging, and Body Composition (Health ABC) Study 
is a prospective longitudinal study of 3,075 Black and White men 
and women aged 70–79 years (22,23). Participants were recruited 
from a random sample of White Medicare beneficiaries and all 
age eligible Black residents in areas surrounding Memphis, TN 
and Pittsburgh, PA. Individuals were eligible to participate if they 
reported no difficulty walking one-quarter mile, walking up 10 
steps without resting, or performing mobility-related activities 
of daily living. Exclusion criteria were active cancer treatment in 
the prior 3 years, planned move in the next 3 years, or participa-
tion in a randomized trial or lifestyle intervention. Baseline data 
(Year 1)  were collected between April 1997 and June 1998. All 
participants provided signed informed consent, and the study was 
approved by the institutional review boards of the clinical sites and 
the coordinating center.

Depressive symptoms were assessed at Years 1, 3, 4, 5, 6, 8, 
10, and 11 (15). For this analysis, depressive symptoms from Year 
1 to Year 5 were used to model trajectories in the absence of dis-
ability in relation to subsequent development of disability and 
mortality (Figure 1). A 4-year period also provides sufficient time 
to observe resolution of transient depressive symptoms and new 
onset of symptoms. A  longer period would necessitate exclusion 
of participants who develop disability or die. This design was pre-
viously used to evaluate patterns of weight change in relation to 
disability and mortality (24). Depressive symptoms were assessed 
using the Center for Epidemiologic Studies Short Depression scale 
(CES-D10) (25). The CES-D10 captures depressive symptoms 
during the previous week. Individuals indicated the way they felt 
or behaved in response to 10 questions from 0–3 (0 =  rarely or 
none of the time; 1 = some or a little of the time; 2 = occasionally 
or a moderate amount of time; and 3 = most or all of the time). 
Summed scores range from 1 to 30, higher scores indicate greater 
depressive symptoms. A score of 8 or greater is indicative of sig-
nificant depressed mood (25).

Disability was determined every 6 months from Year 5 to Year 
14 using self-reported severe difficulty walking one-quarter mile 
or climbing 10 steps (26) at two consecutive times. Reports had 
to involve the same function (eg, walking or steps). If participants 
reported severe difficulty at one visit but died before the next con-
tact, difficulty was presumed to persist until death. Time to disability 
or censorship was determined from the Year 5 visit date to the first 
report of severe difficulty or last date of contact.

Mortality was determined from death certificates, hospital 
records, and interview with next of kin. Time to death or last contact 
if not deceased was calculated from Year 5 to Year 14.

Participants with less than three depressive assessments were 
excluded (n = 481) as a minimum of three assessments is necessary 
to provide stable trajectory estimates (27). Participants who devel-
oped disability or died before Year 5 (N = 425) or missing covari-
ates were also excluded (n  =  67) except for wealth and income 
(missing categories created) because of known nonresponse. 
The analytical sample was thus 1,032 men and 1,070 women. 
Excluded men and women were older, more likely to be Black, 
be less educated, have lower income and wealth, smoke and con-
sume alcohol, have cardiovascular disease, diabetes, and higher 
baseline CES-D10 scores than their included counterparts (p < .05 
for all). Excluded women had higher body mass index (BMI) than 
included women (p < .001). There was no significant difference in 
BMI among men (p = .21) although the direction of the relation-
ship was the same.

All variables with the exception of prevalent disease at Year 
5 were from study baseline due to potential effects of depressive 

Figure  1. Timeline of depressive symptom assessment and follow-up for 
disability and mortality.
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symptoms on covariates at later assessments. Sociodemographic 
confounders included age, race, and study site. Three indicators 
of socioeconomic status were used (28); education: less than high 
school, high school graduate, or postsecondary, family income: 
less than $10,000, $10,000–25,000, $25,000–50,000, more than 
$50,000, or missing, and wealth: none, one–two, or three–seven of 
money market accounts, savings bonds or treasury bills, home own-
ership or investment property or housing, a business or farm, stock 
or stock mutual funds, a retirement account or KEOGH account, 
and other investments. These indicators were used because they 
reflect different dimensions of socioeconomic status (29). Education 
is a sociocultural dimension that represents social class in an early 
life stage, income reflects a later life stage, and wealth reflects 
availability of material resources over the life course. Behavioral 
confounders included lifetime smoking: never, current, or former, 
alcohol consumption: never, less than once a week, 1–7 times a 
week, or more than once a day, and self-reported physical activ-
ity. BMI (kg/m2) was calculated from measured height and weight. 
Disease confounders included type 2 diabetes, cardiovascular dis-
ease, cancer, arthritis, and asthma determined from self-report, 
medications, and clinical assessments at baseline and throughout 
the 4-year depressive symptom assessment period. Cognitive status 
was assessed from the Modified Mini-Mental State Exam (3MS). 
3MS scores less than 80 or less than 75 for individuals with less 
than a high school education were used to identify participants with 
low 3MS scores (30).

Statistical Analysis
Depressive symptoms, disability, and mortality are all known to 
differ between ethnic groups and men and women (5,21,31). Thus 
interaction terms for CES-D10 scores with sex and race were mod-
eled in minimally adjusted models that also included the direct 
effects of sex and race (age, study site, education, sex, race, and 
CES-D10). Interactions were significant for sex (p  =  .01) but not 
for race (p  =  .62), thus results were sex stratified. Trajectories of 
depressive symptoms were determined using a group-based mixture 
method that identifies distinct homogenous clusters of trajectories 
within a population over time (32,33), which in this analysis is an 
individuals’ age at the time of CESD-10 assessment. This method, 
which has been used to describe depressive trajectories (11,34), fits 
two components simultaneously: a censoring normal mixed model 
of the CES-D10 score as a function of time and a latent class model 
using the multinomial logistic regression of the trajectory classifica-
tion. The number of trajectories was determined from (a) Bayesian 
Information Criterion, (b) posterior probabilities of group member-
ship (27), and (c) presence of a minimum of 5% of participants per 
trajectory. Trajectories were tested for linear, quadratic, and cubic 
trends.

We first assessed global differences in participant character-
istics among the three depressive symptom trajectories with one-
way analysis of variance or chi-square tests. Pairwise comparisons 
were then assessed with t tests for continuous variables and chi-
square tests for binary variables with Bonferroni adjustment for 
multiple comparisons. Hazard ratios (HRs) and 95% confidence 
intervals (CIs) for disability and mortality risk were estimated 
by Cox regression models (reference group: trajectory 1, nonde-
pressed). The proportional hazards assumption was tested using 
Schoenfeld residuals. BMI and smoking did not meet assump-
tions (in mortality models only) and were therefore modeled as 
time varying. Model 1 was adjusted for age, race, study site, and 

education. Model 2 was additionally adjusted for behavioral, med-
ical, and sociodemographic confounders: BMI, smoking status, 
alcohol consumption, physical activity, chronic disease, wealth, 
and income. Model 3 was adjusted for Model 2 covariates plus 
disease prevalence at Year 5 to determine how incident disease 
during the trajectory period affects risk estimates. Sensitivity anal-
ysis was conducted excluding individuals with baseline low 3MS 
scores (N = 97). The discriminative properties of depressive symp-
tom trajectories versus the conventional approach of presence/
absence of depression (CES-D10 ≥ 8) at baseline for disability and 
mortality prediction are reported using Somer’s D (Supplementary 
Table 3). All p values are two tailed (α = 0.05). Data were analyzed 
with STATA version 12.1.

Results

There were three depressive symptom trajectories for men and 
women. The minimum mean posterior probability was .86, indi-
cating a high likelihood that an individual’s trajectory pattern fits 
within the broader trajectory group (Supplementary Table 1). The 
lowest two trajectories in men followed linear relationships, whereas 
the upper trajectory followed a quadratic pattern (Figure 2A. All 
trajectories followed linear relationships in women (Figure  2B). 
In men and women, the lowest trajectory was characterized by 

Figure 2. Depressive symptom trajectories from baseline (1997–1998) to Year 
5 (2001–2002) in men (A) and women (B) from the Health ABC Study. Markers 
represent mean age at study visit.
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persistently low depressive symptoms (nondepressed). Trajectory 2 
was characterized by moderate depressive symptoms that increased 
over time (mildly depressed). Trajectory 3 was characterized by 
depressed mood (baseline CES-D10 score >8) that increased over 
time (depressed). There was no evidence of a recovering depres-
sive trajectory. The mean (SD) changes in CES-D10 score over the 
4-year period were 0.92 (2.48) for nondepressed, 2.29 (4.02) for 
mildly depressed, and 4.00 (6.34) for depressed (p trend < .001) 
in men and 1.02 (2.64) for nondepressed, 2.82 (4.62) for mildly 
depressed, and 3.22 (6.83) for depressed (p trend < .001) in women.

Across depressive symptom trajectories, men and women in the 
depressed trajectory were more likely to be younger and Black and 
to have less education, lower income, and arthritis (p trend < .05, 
Table  1). Wealth, BMI, and physical activity additionally varied 
across trajectories in men, whereas in women the prevalence of 
diabetes and cardiovascular disease varied across trajectories (p 
trend < .05). Differences between trajectories were also observed. 

The mildly depressed (men only) and depressed trajectory were 
younger than the nondepressed trajectory and less educated, and 
the mildly depressed and depressed trajectory had a higher prev-
alence of Black participants than the nondepressed trajectory. In 
men, BMI was higher in the mildly depressed and depressed trajec-
tories, physical activity was higher, income and wealth were lower 
in nondepressed relative to mildly depressed, the prevalence of 
cancer was higher in the depressed trajectory versus nondepressed, 
and arthritis was more prevalent in the mildly depressed relative to 
nondepressed. In women, the nondepressed trajectory had higher 
income and wealth, a lower prevalence of diabetes than the mildly 
depressed, and a lower prevalence of arthritis than the depressed 
trajectory.

Over a median (SD) follow-up of 7.55 (2.84) years and 7.98 
(2.69) years, 264 men (41.4 per 1,000 person years) and 318 women 
(45.8 per 1,000 person years) developed disability. Men in the mildly 
depressed and depressed trajectories had increased disability risk 

Table 1. Baseline Characteristics by Depressive Symptoms Trajectories in 1,032 Men and 1,070 Women in the Health ABC Study

Men Women

Nondepressed Mildly  
Depressed

Depressed p Trend Nondepressed Mildly 
Depressed

Depressed p Trend

N (%) 559 (54.2) 408 (39.5) 65 (6.30) 581 (54.3) 406 (37.9) 83 (7.76)
Age, y, mean (SD) 74.2 (2.86)* 73.1 (2.71)† 72.2 (2.66)‡ <.001 73.8 (2.82)* 73.0 (2.77)† 72.3 (2.57)† <.001
Race, Black, % 27.9* 36.0† 38.9*,† .01 37.0* 45.3† 41.0*,† .03
Site, Pittsburgh, % 53.3* 52.7* 47.7* .69 49.6* 49.8* 56.6* .47
Education, % <.001 <.001
 <High school education 17.7* 27.9† 33.9† 16.0* 21.2† 28.9‡

 High school education 25.4* 26.5* 23.1* 37.2* 41.4* 48.2†

 >High school education 56.9* 45.6* 43.1* 46.8* 37.4*,† 22.9‡

Family income, % .001 .02
 <$10,000 3.22* 8.09† 6.15*,† 10.8* 14.3* 13.3*
 $10,000–$25,000 25.4* 32.8* 38.5* 31.8* 38.2* 47.0*
 $25,000–$50,000 33.5* 29.7* 32.3* 27.5* 22.7* 19.3*
 ≥$50,000 27.9* 19.6* 18.5* 13.4* 8.87† 7.23*,†

 Missing 10.0* 9.80* 4.62* 16.4* 16.0* 13.3*
Wealth, % <.001 .01
 No assets 14.9* 24.3† 30.8* 21.3* 31.8† 31.3†

 1–2 27.2* 29.4* 26.2* 26.7* 24.4* 27.7*
 3–7 48.3* 35.5* 41.5* 35.8* 31.5* 31.3*
 Missing 9.66* 10.8* 1.54* 16.2* 12.3* 9.64*
Smoking, % .17 .30
 Never 33.5* 28.9* 21.5* 60.9* 60.3* 53.0*
 Former 57.8* 62.5* 64.6* 32.0* 30.5* 33.7*
 Current 8.77* 8.58* 13.9* 7.06* 9.11* 13.3*
Alcohol consumption, % .69 .87
 Never 41.7* 39.0* 35.4* 52.0* 55.9* 55.4*
 <Once/week 18.8* 21.8* 26.2* 23.8* 21.9* 25.3*
 1–7 times/week 26.7* 27.5* 29.2* 20.5* 19.0* 15.7*
 >1/day 12.9* 11.8* 9.23* 3.79* 3.20* 3.61*
Body mass index, kg/m2, Mean (SD) 26.5 (3.57)* 27.4 (3.76)† 28.3 (4.32)† <.001 27.0 (5.01)* 27.3 (5.27)* 27.2 (5.31)* .74
Physical activity, kcal/kg/week 1728 (2645)* 1316 (2032)† 1219 (1447)*,† .02 842 (1413)* 797 (1406)* 990 (2132)* .55
Diabetes, % 13.4* 17.7* 16.9* .18 8.09* 13.1† 8.43*,† .03
Cardiovascular disease, % 27.6* 25.3* 29.2* .13 12.4* 18.7* 21.7* .04
Cancer, % 17.5* 20.8* 13.9† <.001 16.4* 16.3* 16.9* .28
Arthritis, % 41.1* 50.5† 52.3*,† .03 55.9* 61.6*,† 72.3† .03
Asthma, % 2.50* 4.17* 4.62* .30 2.58* 3.94* 6.02* .19

Note: Baseline characteristics are presented according to depressive symptoms trajectories over a 4-year period. p Trend represents global comparisons by 
trajectories. Varying symbols (*, †,  ‡) indicate significant differences between trajectories from pairwise comparisons with Bonferroni adjustment for multiple 
comparison: p = .017 (0.05/3 comparisons) for binary variables and means, p = .006 for three-level variables (education and smoking, 0.05/9), p = .004 (0.05/12) 
for wealth and alcohol consumption, and p = .003 (0.05/15) for income.
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relative to men in the nondepressed trajectory (Figure 3A, Table 2). 
In women, there was increased disability risk across trajecto-
ries from nondepressed to depressed (Figure 3B, Table 2 Model 1 
p trend  =  .002) and the depressed trajectory was associated with 
greater risk. Associations remained significant with adjustment for 
behavioral, medical, and sociodemographic confounders (Model 
2)  and Year 5 disease prevalence (Model 3). Exclusion of partici-
pants with low 3MS scores negligibly affected risk estimates. The 
HRs (95% CIs) in men were 1.50 (1.13–1.98) and 2.19 (1.35–3.54) 
for the mildly depressed and depressed trajectories and in women 
were 1.05 (0.81–1.34) and 2.02 (1.37–2.98), respectively.

After a median (SD) follow-up of 8.96 (2.73) years and 9.02 
(2.27) years, 454 men (60.3 per 1,000 person years) and 355 
women died (41.9 per 1,000 person years). Of the deceased indi-
viduals, 29.7% (men) and 33.8% (women) had developed disability. 
Compared with the nondepressed trajectory, mildly depressed and 
depressed trajectories were associated with increased mortality risk 
in men (Figure 3C, p trend = .001) but not in women (Figure 3D, 
p trend  =  .86). Adjustment for behavioral, medical, and sociode-
mographic confounders (Model 2)  and Year 5 disease prevalence 
(Model 3) did not attenuate associations. Risk estimates were simi-
lar with exclusion of participants with low 3MS scores, among men 
HR (95% CI) 1.22 (0.98–1.51) and 1.64 (1.10–2.46) for mildly 
depressed and depressed trajectories as well as among women HR 
(95% CI) 0.92 (0.73–1.17) and 1.02 (0.67–1.58).

Associations between baseline depression, disability risk, and 
mortality risk were similar to the analysis of depressive symptom 
trajectories (Supplementary Table 2). Men who were depressed had 
increased disability and mortality risk, whereas women who were 

depressed had an increased risk of disability but not of mortality. 
However, the magnitude of the risk associated with baseline depres-
sion was lower. For example, men who were depressed at baseline 
had disability risk of HR 1.62 (95% CI 1.03–2.44) versus HR 2.12 
(1.33–3.38) for men in the depressed trajectory group.

Discussion

This study furthers the understanding of relationships between 
depressive symptoms, disability, and mortality. Group-based mod-
els identified three depressive trajectories none of which suggested 
recovering depressive symptoms despite a generally healthy popula-
tion. Rather, nearly 50% of participants had increasing depressive 
symptoms. In line with our hypothesis, the depressed trajectory 
had increased risk of disability independent of other risk factors. 
Risk was particularly pronounced in men; 112% increased disabil-
ity risk and 63% increased mortality risk in the depressed trajec-
tory compared with the nondepressed trajectory. Among women, 
the risk for disability was 102% higher for the depressed compared 
with the nondepressed trajectory, but unlike men, no associations 
were observed with mortality. There was increased risk of disability 
(45%) and mortality (24%) in men but not in women at subclinical 
levels of depressive symptoms, thus emphasizing the importance of 
early detection and monitoring of symptoms in geriatric care.

Based on risk ratios, these results suggest stronger associations 
between depressive symptom trajectories and disability than mor-
tality. This may reflect biological processes that occur earlier in the 
pathway of health decline, while relationships with mortality may 
not have been adequately captured during the 9-year follow-up in 
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Figure 3. Kaplan–Meier curves of cumulative incidence of disability in men (A) and women (B), and mortality in men (C) and women (D) by depressive symptom 
trajectories. Y-axis represents probability of survival (A and B) or probability of remaining disability free (C and D).
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this generally healthy population. The divergence between depres-
sive symptoms, mortality, and disability is notable because of poten-
tial implications for disability-free survival and quality of life; for 
example, women with depressive trajectories had increased disability 
risk but survival was similar to the nondepressed trajectory.

A complex relationship between depression and chronic disease 
has been hypothesized to explain relationships between depression, 
disability, and mortality. Depression appears to precede chronic dis-
eases, and chronic diseases may amplify depressive symptoms (35). 
Our analysis focused on depressive symptoms rather than clinical 
depression but even still, adjustment for chronic diseases minimally 
affected risk estimates. Residual confounding is possible, as partici-
pants with chronic disease were not excluded; however, our results 
align with prior studies (5,36,37). Unhealthy behaviors such as 
smoking, alcohol consumption, and low physical activity are more 
common in depressed individuals (38,39) but explained a small por-
tion of risk relationships in our sample, suggesting the presence of 
alternative biological pathways linking depression to disability and 
mortality.

Relationships between depressive symptoms, disability, and 
mortality were more consistent among men despite generally 
lower CES-D10 scores than women. Previous work also found 
that men were more likely to transition from depression to 
death than women (40). Conversely, Penninx and colleagues (36) 
reported greater risk among women for depression and devel-
opment of mobility disability. Comparability is limited by key 
study differences: cross-sectional measure of depression (yes/no, 
CES-D ≥20) versus trajectories of CES-D10 scores. Women are 

more than twice as likely to be diagnosed with depression as 
men (41,42), which likely reflects differences in depressive symp-
toms and care seeking (43). Men may have lower diagnostic scale 
scores because manifestations of depression such as anger and 
substance abuse may differ from women and traditional diag-
nostic symptoms (43). Disability and mortality risk may occur 
at a lower depressive threshold in men than in women. This 
may explain why the mildly depressed trajectory was associated 
with disability and mortality in men but not in women. In line 
with this, a study of older adults found that minor depression 
increased the mortality risk in older men but not in older women 
(5). Changes in depressive symptoms in old age may also vary 
by gender (10,11,34). The depressed trajectory followed a quad-
ratic relation in men versus a linear relationship in women and 
characteristics that differed by trajectories varied for men and 
women (BMI and physical activity differed across trajectories in 
men only).

The repeated measure of depressive symptoms in a well-char-
acterized population of older adults is a strength of our study. This 
provides important insight into depressive symptoms in old age 
beyond a single assessment of depressive symptoms. Even in the 
absence of major depressive symptoms, worse symptomology was a 
risk factor for disability and mortality (men only). Second, because 
participants were initially well functioning, we have greater confi-
dence in the direction of the relationship whereby increasing mild 
(men only) and depressive symptoms are associated with increased 
disability risk. A  limitation is the CES-D10 assessment, which is 
designed to capture two aspects of depression: depressed mood and 

Table 2. Hazard Ratios and 95% CIs for Disability and Mortality by Depressive Symptom Trajectories

Trajectory Baseline Person  
Time (y)

N Events Event 
Rate

Model 1 Model 2 Model 3

CES-D10

Mean SD HR 95% CI HR 95% CI HR 95% CI

Disability
 Men
  Nondepressed 1.16 1.61 3634 119 32.8 1.00 1.00 1.00
  Mildly depressed 3.60 2.81 2401 121 50.4 1.67 1.28–2.17 1.45 1.11–1.89 1.41 1.08–1.85
  Depressed 7.44 4.42 340.8 24 70.4 2.55 1.62–4.00 2.12 1.33–3.38 2.13 1.34–3.38
  p Trend <.001 <.001 <.001 <.001
 Women
  Nondepressed 1.46 1.67 3831 163 42.6 1.00 1.00 1.00
  Mildly depressed 4.35 2.96 2636 119 45.1 1.12 0.88–1.43 1.04 0.81–1.34 1.04 0.81–1.33
  Depressed 9.61 4.70 477.7 36 75.4 2.09 1.44–3.03 2.02 1.37–2.96 2.01 1.37–2.97
  p Trend <.001  .002  .01  .01
Mortality
 Men
  Nondepressed 4153 232 55.8 1.00 1.00 1.00
  Mildly depressed 2902 190 65.5 1.28 1.05–1.57 1.24 1.01–1.52 1.25 1.02–1.53
  Depressed 439.0 32 72.9 1.58 1.08–2.30 1.63 1.10–2.41 1.55 1.05–2.29
  p Trend  .002  .005  .005
 Women
  Nondepressed 4585 196 42.8 1.00 1.00
  Mildly depressed 3234 132 40.8 0.99 0.79–1.24 0.93 0.74–1.16 0.91 0.72–1.15
  Depressed 649.4 27 41.6 1.08 0.71–1.62 1.01 0.67–1.54 1.03 0.68–1.58
  p Trend  .86  .73  .71

Note: CES-D = Center for Epidemiologic Studies Depression Scale; CI = confidence interval; HR = hazard ratio. Event rate: per 1,000 person years. Model 1 was 
adjusted for age, race, education, and study site. Model 2 was adjusted for Model 1 + body mass index, diabetes, cardiovascular disease, cancer, arthritis, asthma, 
smoking status, alcohol consumption, physical activity, wealth, and income. Model 3 was adjusted for Model 2 + prevalent diabetes, cardiovascular disease cancer, 
arthritis, and asthma at Year 5.

Journals of Gerontology: Medical ScienceS, 2016, Vol. 71, No. 2 233



lack of positive affect in the prior week, and it is not comparable 
with criteria in the Diagnostic and Statistical Manual of Mental 
Disorders or with International Classification of Disease-10 codes. 
However, the CES-D10 has high sensitivity and specificity for major 
depression diagnoses in older adults (44) and validity across a range 
of populations (45,46). The CES-D10 takes only 5–10 minutes to 
complete and is a useful screening tool already in place in many 
geriatric care settings. However, these community-dwelling older 
adults likely have lower prevalence of major depression than older 
adults in acute care settings or long-term care facilities which may 
limit generalizability. The analytical sample was also healthier than 
the Health ABC population because the sample was selected on 
multiple measures of CES-D10, subsequent disability and mortal-
ity. However, despite the healthy population, risk for disability was 
striking among men and women in the depressed trajectory, and risk 
may be even greater among less healthy populations.

Conclusions

These results illustrate the importance of monitoring depressive 
symptoms in older adults. Assessment of depressive symptoms over 
a period of only 4 years predicted impending disability in men and 
women. Depressive symptom trajectories predicted mortality in men 
but not in women, suggesting gender risk differences that are impor-
tant to explore further. This population had a low initial prevalence 
of major depressive symptoms, and elevated disability and mortality 
risk occurred in trajectories with initial mean CES-D10 scores rang-
ing from 3.6 to 9.6. This provides convincing evidence that even 
at subclinical levels, increasing depressive symptoms are clinically 
relevant in older adults and particularly among older men. This has 
public-health importance and implications for health management 
and treatment of depressive symptoms.

Supplementary Material

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/

Funding

This research was supported in part by the Intramural Research 
Program of the National Institutes of Health, National Institute on 
Aging (NIA); the NIA Contracts N01-AG-6-2101, N01-AG-6-2103, 
and N01-AG-6-2106; NIA Grant R01-AG028050, National Institute 
of Nursing Research Grant R01-NR-012459, the Wake Forest 
University Claude D.  Pepper Older Americans for Independence 
Center (1P30AG21332); and the Pittsburgh Claude D. Pepper Center 
(P30 AG024827). R.A.M. was supported by a Banting Postdoctoral 
Fellowship.

References
 1. Shim RS, Baltrus P, Ye J, Rust G. Prevalence, treatment, and control of 

depressive symptoms in the United States: results from the National 
Health and Nutrition Examination Survey (NHANES), 2005–2008. J Am 
Board Fam Med. 2011;24:33–38. doi:10.3122/jabfm.2011.01.100121

 2. The World Health Organization. The global burden of disease: 2004 
update, Table A2: Burden of disease in DALYs by cause, sex and income 
group in WHO regions, estimates for 2004. WHO. Geneva, Switzerland; 
2008.

 3. Mathers CD, Loncar D. Projections of global mortality and burden of dis-
ease from 2002 to 2030. PLoS Med. 2006;3:e442.

 4. Cuijpers P, Smit F. Excess mortality in depression: a meta-analysis of com-
munity studies. J Affect Disord. 2002;72:227–236.

 5. Penninx BW, Geerlings SW, Deeg DJ, van Eijk JT, van Tilburg W, Beekman 
AT. Minor and major depression and the risk of death in older persons. 
Arch Gen Psychiatry. 1999;56:889–895.

 6. Cuijpers P, Vogelzangs N, Twisk J, Kleiboer A, Li J, Penninx BW. Com-
prehensive meta-analysis of excess mortality in depression in the gen-
eral community versus patients with specific illnesses. Am J Psychiatry. 
2014;171:453–462. doi:10.1176/appi.ajp.2013.13030325

 7. National Institute of Mental Health. National Institutes of Health NIH 
Publication No. QF 11–7697. US Department of Health and Human 
Services. http://www.nimh.nih.gov/health/publications/older-adults-and-
depression/index.shtml. Accessed May 25, 2014.

 8. Denihan A, Kirby M, Bruce I, Cunningham C, Coakley D, Lawlor BA. 
Three-year prognosis of depression in the community-dwelling elderly. Br 
J Psychiatry. 2000;176:453–457.

 9. Murphy RA, Ip EH, Zhang Q, et al. Transition to sarcopenia and determi-
nants of transitions in older adults: a population-based study. J Gerontol 
A Biol Sci Med Sci. 2014;69:751–758. doi:10.1093/gerona/glt131

 10. Huang JF, Wong RH, Chen CC, et al. Trajectory of depression symptoms 
and related factors in later life—a population based study. J Affect Disord. 
2011;133:499–508. doi:10.1016/j.jad.2011.04.048

 11. Kuo SY, Lin KM, Chen CY, Chuang YL, Chen WJ. Depression trajectories 
and obesity among the elderly in Taiwan. Psychol Med. 2011;41:1665–
1676. doi:10.1017/S003329171000247

 12. Cui X, Lyness JM, Tang W, Tu X, Conwell Y. Outcomes and predictors of 
late-life depression trajectories in older primary care patients. Am J Geri-
atr Psychiatry. 2008;16:406–415. doi:10.1097/JGP.0b013e3181693264

 13. Byers AL, Vittinghoff E, Lui LY, et  al. Twenty-year depressive trajecto-
ries among older women. Arch Gen Psychiatry. 2012;69:1073–1079. 
doi:10.1001/archgenpsychiatry.2012.43

 14. Penninx BW, Guralnik JM, Mendes de Leon CF, et  al. Cardiovascu-
lar events and mortality in newly and chronically depressed persons > 
70 years of age. Am J Cardiol. 1998;81:988–994.

 15. Barry LC, Thorpe RJ Jr, Penninx BW, et  al. Race-related differ-
ences in depression onset and recovery in older persons over time: the 
Health, Aging, and Body Composition Study. Am J Geriatr Psychiatry. 
2014;22:682–691. doi:10.1016/j.jagp.2013.09.001

 16. Moussavi S, Chatterji S, Verdes E, Tandon A, Patel V, Ustun B. Depression, 
chronic diseases, and decrements in health: results from the World Health 
Surveys. Lancet. 2007;370:851–858.

 17. Centers for Disease Control and Prevention. Chronic Disease Overview. 
National Center for Chronic Disease Prevention and Health Promotion. 
Edition: May 18, 2015. http://www.cdc.gov/chronicdisease/overview/. 
Accessed June 6, 2015.

 18. Strine TW, Mokdad AH, Dube SR, et al. The association of depression and 
anxiety with obesity and unhealthy behaviors among community-dwelling 
US adults. Gen Hosp Psychiatry. 2008;30:127–137. doi:10.1016/j.gen-
hosppsych.2007.12.008

 19. Murphy RA, Reinders I, Register TC, et  al. Associations of BMI and 
adipose tissue area and density with incident mobility limitation and 
poor performance in older adults. Am J Clin Nutr. 2014;99:1059–1065. 
doi:10.3945/ajcn.113.080796

 20. Koster A, Murphy RA, Eiriksdottir G, et al. Fat distribution and mortal-
ity: the AGES-Reykjavik Study. Obesity (Silver Spring). 2015;23:893–
897. doi:10.1002/oby.21028

 21. Oquendo MA, Ellis SP, Greenwald S, Malone KM, Weissman MM, Mann 
JJ. Ethnic and sex differences in suicide rates relative to major depression 
in the United States. Am J Psychiatry. 2001;158:1652–1658.

 22. Harris TB, Visser M, Everhart J, et  al. Waist circumference and sagittal 
diameter reflect total body fat better than visceral fat in older men and 
women. The Health, Aging and Body Composition Study. Ann N Y Acad 
Sci. 2000;904:462–473.

234 Journals of Gerontology: Medical ScienceS, 2016, Vol. 71, No. 2

http://biomedgerontology.oxfordjournals.org/
http://biomedgerontology.oxfordjournals.org/
http://www.nimh.nih.gov/health/publications/older-adults-and-depression/index.shtml
http://www.nimh.nih.gov/health/publications/older-adults-and-depression/index.shtml
http://www.cdc.gov/chronicdisease/overview/


 23. Penninx BW, Kritchevsky SB, Yaffe K, et  al. Inflammatory markers and 
depressed mood in older persons: results from the Health, Aging and Body 
Composition study. Biol Psychiatry. 2003;54:566–572.

 24. Murphy RA, Patel KV, Kritchevsky SB, et  al. Health, Aging, and Body 
Composition Study. Weight change, body composition, and risk of mobil-
ity disability and mortality in older adults: a population-based cohort 
study. J Am Geriatr Soc. 2014;62:1476–1483. doi:10.1111/jgs.12954

 25. Andresen EM, Malmgren JA, Carter WB, Patrick DL. Screening for 
depression in well older adults: evaluation of a short form of the CES-D 
(Center for Epidemiologic Studies Depression Scale). Am J Prev Med. 
1994;10:77–84.

 26. Guralnik JM, Simonsick EM, Ferrucci L, et  al. A short physical perfor-
mance battery assessing lower extremity function: association with self-
reported disability and prediction of mortality and nursing home admis-
sion. J Gerontol. 1994;49:M85–M94.

 27. Nagin DS. Group-based Modeling of Development. Cambridge, MA: Har-
vard University Press; 2005.

 28. Koster A, Bosma H, Penninx BW, et  al. Association of inflammatory 
markers with socioeconomic status. J Gerontol A  Biol Sci Med Sci. 
2006;61:284–290.

 29. Adler NE, Ostrove JM. Socioeconomic status and health: what we know 
and what we don’t. Ann N Y Acad Sci. 1999;896:3–15.

 30. Kurella M, Chertow GM, Luan J, Yaffe K. Cognitive impairment in 
chronic kidney disease. J Am Geriatr Soc. 2004;52:1863–1869.

 31. Marcus SM, Kerber KB, Rush AJ, et  al. Sex differences in depression 
symptoms in treatment-seeking adults: confirmatory analyses from the 
Sequenced Treatment Alternatives to Relieve Depression study. Compr 
Psychiatry. 2008;49:238–246. doi:10.1016/j.comppsych.2007.06.012

 32. Jones BL, Nagin DS. Advances in group-based trajectory modeling and 
an SAS procedure for estimating them. Sociol Method Res. 2007;35: 
542–571.

 33. Jones BL, Nagin DS. A note on a stata plugin for estimating group-based 
trajectory models. Sociol Method Res. 2013;42:608–613.

 34. Andreescu C, Chang CC, Mulsant BH, Ganguli M. Twelve-year depres-
sive symptom trajectories and their predictors in a community sam-
ple of older adults. Int Psychogeriatr. 2008;20:221–236. doi:10.1017/
S1041610207006667

 35. Chapman DP, Perry GS, Strine TW. The vital link between chronic disease 
and depressive disorders. Prev Chronic Dis. 2005;2:A14. http://www.cdc.
gov/pcd/issues/2005/jan/04_0066.htm. Accessed November, 2014. 

 36. Penninx BW, Leveille S, Ferrucci L, van Eijk JT, Guralnik JM. Exploring 
the effect of depression on physical disability: longitudinal evidence from 
the established populations for epidemiologic studies of the elderly. Am J 
Public Health. 1999;89:1346–1352.

 37. Kellerman QD, Christensen AJ, Baldwin AS, Lawton WJ. Association 
between depressive symptoms and mortality risk in chronic kidney dis-
ease. Health Psychol. 2010;29:594–600. doi:10.1037/a0021235

 38. Stephens T. Physical activity and mental health in the United States and 
Canada: evidence from four population surveys. Prev Med. 1988;17: 
35–47.

 39. Aneshensel CS, Huba GJ. Depression, alcohol use, and smoking over 
one year: a four-wave longitudinal causal model. J Abnorm Psychol. 
1983;92:134–150.

 40. Barry LC, Allore HG, Guo Z, Bruce ML, Gill TM. Higher burden of 
depression among older women: the effect of onset, persistence, and mor-
tality over time. Arch Gen Psychiatry. 2008;65:172–178. doi:10.1001/
archgenpsychiatry.2007.17

 41. Kessler RC, McGonagle KA, Swartz M, Blazer DG, Nelson CB. Sex and 
depression in the National Comorbidity Survey: I.  Lifetime prevalence, 
chronicity and recurrence. J Affect Disord. 1993;29:85–96.

 42. Bebbington PE. Sex and depression. Psychol Med. 1998;28:1–8.
 43. Martin LA, Neighbors HW, Griffith DM. The experience of symptoms 

of depression in men vs women: analysis of the National Comorbidity 
Survey Replication. JAMA Psychiatry. 2013;70:1100–1106. doi:10.1001/
jamapsychiatry.2013.1985

 44. Irwin M, Artin KH, Oxman MN. Screening for depression in the 
older adult: criterion validity of the 10-item Center for Epidemio-
logical Studies Depression Scale (CES-D). Arch Intern Med. 1999;159: 
1701–1704.

 45. Boey KW. Cross-validation of a short form of the CES-D in Chinese 
elderly. Int J Geriatr Psychiatry. 1999;14:608–617.

 46. Robison J, Gruman C, Gaztambide S, Blank K. Screening for depression 
in middle-aged and older puerto rican primary care patients. J Gerontol 
A Biol Sci Med Sci. 2002;57:M308–M314.

Journals of Gerontology: Medical ScienceS, 2016, Vol. 71, No. 2 235

http://www.cdc.gov/pcd/issues/2005/jan/04_0066.htm 
http://www.cdc.gov/pcd/issues/2005/jan/04_0066.htm 

