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Abstract
Objective—To identify trajectories of depressive symptoms in older community residents.

Method—Depressive symptomatology, based on a modified Center for Epidemiological Studies–
Depression scale, was obtained at years 0, 3, 6, and 10, in the Duke Established Populations for
Epidemiologic Studies of the Elderly (N=4,162). Generalized growth mixture models identified
the latent class trajectories present. Baseline demographic, health and social characteristics
distinguishing the classes were identified using multinomial logistic regression.

Results—Four latent class trajectories were identified. Class 1-- stable low depressive
symptomatology (76.6% of the sample); class 2 – initially low depressive symptomatology,
increasing to the subsyndromal level (10.0%); class3 -- stable high depressive symptomatology
(5.4%); class 4 –high depressive symptomatology improving over 6 years before reverting
somewhat (8.0%). Class 1 was younger, male, with better education, health, and social resources,
in contrast to class 3. Class 2 had poorer cognitive functioning and higher death rate. Class 4 had
better health and social resources.

Conclusion—Reduction in high depressive symptomatology is associated with more education,
better health, fewer stressful events, and a larger social network. Increasing depressive
symptomatology is accompanied by poorer physical and cognitive health, more stressful life
events, and greater risk of death.
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Introduction
Our focus is on a little-studied area -- the natural history of depressive symptomatology in
older community residents. There are many studies of the prevalence, but fewer of the
incidence, of depression in the elderly. They tend to agree that depression is less prevalent in
older than in younger groups, but may increase in the oldest old (1-3). There is inconsistent
agreement with respect to the demographic characteristics with which depression is
associated (age, gender, education, income, race/ethnicity), and whether depression is a risk
factor for or a consequence of certain physical and mental health conditions and functional
difficulty (1, 2, 4-14). There is, however, good agreement that social ties and stressful life
events are associated with depression (6, 15-19), that comorbid medical conditions may
portend a poorer outcome, and that depressive symptoms are costly to the health system and
may increase risk of death (20-22).

To date, the history of depression in older adults has focussed primarily on those already
depressed, and determining the course of their disease (23-26, 27). The main patterns of the
natural history of depressive symptoms – their increase and decline -- have rarely been
examined (6), and in an older population are barely known (10, 17).

Cui and colleagues (7) used longitudinal cluster analysis to examine the course of depression
over two years in primary care patients present throughout (N=319, 81.4% of the initial
sample; noncompleters excluded). They argued that such patients were representative of
persons their age, since most older people do seek primary care, but few older persons with
significant depression go to a specialist. Diagnosis and severity were based on the Structured
Clinical Interview for DSM-III-R (SCID), and the Hamilton Rating Scale for Depression.
Importantly, patients ranged from those with no depression to those with major depressive
disorder. Six longitudinal clusters best described the findings. Three clusters were constant
over the two years: cluster 1, consistently non-depressed (48.6%); cluster 3, consistently at a
subsyndromal level (21.6%); and cluster 5, consistently at a depressed level (4.7%). Of the
three remaining clusters, two indicated increased depression: cluster 4 (11.9%), started as
nondepressed, but became subsyndromal; cluster 6 (5.6%) declining from the subsyndromal
level to major depression. One cluster improved from minor depression to subsyndromal/
nondepressed (cluster 2, 7.5%). The only characteristics that distinguished the clusters in
multivariate analysis were score on the Cumulative Illness Rating Scale, the Hamilton
depression rating scale, and functional status.

Lincoln & Takeuchi (10) used data gathered on four occasions over 16 years in the
Americans' Changing Lives Study (N = 3,482 African Americans and Whites age 25 and
over at baseline, 34% age 65+). Depressive symptomatology was determined by an 11-item
Center for Epidemiological Studies-Depression (CES-D) scale (28). Information on subjects
who dropped out during the study was included to the extent that it was present. Four
trajectories of depressive symptomatology were identified using growth mixture modeling.
Two trajectories were stable, one of low symptomatology (68.4% of the sample), and one of
high symptomatology (4.8%). Two trajectories showed change: initially high symptoms in
which symptoms improved (15.4%), and initially low symptoms, in which symptoms
increased (11.4%). While there is good agreement between these two studies, information
from additional representative samples of older community residents is desirable.

Aims of the study
The present study identifies 10-year latent class trajectories of depressive symptomatology
in an older community-representative sample, and determines whether these trajectories can
be distinguished at baseline by their demographic characteristics, health status, social
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factors, and by risk of death. We also examine potential predictors of risk for and
improvement from depressive symptoms.

Material and methods
Sample

Data came from sample members of the Duke Established Populations for Epidemiologic
Studies of the Elderly (Duke EPESE) residing in one urban, and four rural counties in the
north-central Piedmont of North Carolina (29, 30). Of the 5,221 persons age 65 and over
who were selected using stratified random household sampling, 4,162 (80%) were
successfully interviewed. Of these, 2,261 (54%) were African-American, who were
deliberately over-sampled to improve statistical precision for this group. African Americans
represent 35% of the older population in the geographical area. Of the remainder, 1,875
(45%) were White, and 26 were of other race/ethnicity; 35% were male. Roughly half came
from the urban and half from the rural counties. Sample members were interviewed in
person at home at baseline (1986/1987), and 3, 6, and 10 years later, with telephone contact
at followup years 1, 2, 4 and 5. Information on depressive symptomatology was obtained
only at the in-person interviews. Attrition for reasons other than death was minimal. Annual
response rates of survivors ranged from 93.7%-98.7% through the first seven waves, and
92.3% (N = 1,767) at the final wave. For the current study we excluded the sample members
of “other race”, and those who provided no information on depressive symptomatology at
baseline (162 proxy respondents, 3 others), yielding an analysis sample of 3,973 persons.
This study was carried out with permission from the Duke Institutional Review Board. All
participants provided signed consent.

Data gathered
Information on depressive symptomatology was obtained using a modified version of the
20-item Center for Epidemiological Studies-Depression (CES-D) scale (28). Response on
each item was on a 2-point rather than a 4-point scale, indicating presence or absence of the
symptom in the past week. Where relevant, items were reverse coded, so that the sum of the
responses indicated the number of depressive symptoms endorsed. A value of 9 or greater on
this modified CES-D (from a possible range of 0-20) has been found to be equivalent to a
score of 16 or greater on the original scale, indicating clinically relevant depressive
symptomatology (29).

Explanatory variables
Since previous reports indicated that at least one latent class was likely to represent a small
percent of the sample (e.g., 5%), and analysis required multiple comparisons, we were
necessarily parsimonious in selecting variables that, nevertheless, were expected to represent
the three areas of primary interest: demographic, health, and social.

Demographic characteristics – the basic demographic information considered included age
(continuous), race, sex, and education (continuous, but capped at 17 years). Health -- was
assessed by three items. Two items were indicative of physical health: self-rated health
(excellent (1), good, fair, poor (4)), and a functional status measure based on the sum of
basic activities of daily living (ADL) (5 items (31)), OARS instrumental ADL items (7 items
(32)), and abbreviated Rosow-Breslau scale (3 items, primarily mobility (32)), that could not
be performed independently (possible range for the sum of the three measures: 0-15) (34).
Cognitive status was assessed by number of errors on the 10-item Short Portable Mental
Stratus Questionnaire (SPMSQ (35), possible range 0-10). Error scores were not corrected
for race or education, since both of these variables were included in the model.
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Social characteristics -- were assessed by the sum of stressful life events, e.g., divorce; death
of spouse, child or friend; financial decline; relocation (possible range 0-14 (36)); a scale of
social interaction with others (summarizing five variables measuring frequency of contact
with friends and relatives, and membership in social organizations, possible range 0-39); and
network size (summarizing seven variables on number of relatives and close friends,
possible range 0-49).

Survival status -- For all participants, survival status through December 31, 1998 (twelve
years post baseline) was determined by search of National Death Index records.

Statistical analyses
Initial analyses included basic descriptive statistics. Statistical software, M-plus version 5.1
(37) was used to identify distinct trajectories of CES-D scores using generalized growth
mixture models (GGMM). The analyses started with an intercept only model, to which
linear and quadratic growth factors were added to determine the forms of the growth model.
A piecewise linear model best fit the data. The number of latent classes was determined by
sequentially increasing the number of classes, and examining fit statistics including Akaike
information criteria (AIC), Bayesian information criteria (BIC), sample size adjusted BIC
(SSABIC), entropy and condition number. We also conducted sequential tests to determine
if the decrease in likelihood ratio with increase in classes was statistically significant using
the Lo-Mendell-Rubin test. Models were tested with a number of start values to ensure that
proper solution was obtained. In addition, bootstrap-based testing, and theoretical and other
considerations were used to determine the number of classes. The trajectories were
identified based on CES-D scores alone. Associations between classes and categorical
variables were assessed using chi-square tests, while associations between classes and
continuous variables were determined using non-parametric Wilcoxon tests.

Multinomial logistic regression, with the most prevalent class as the referent, was used to
determine the predictors of depressive symptomatology trajectory classes. The three groups
of potential predictor variables (demographic, health, and social characteristics) constituted
three chunks. To control for type 1 error, the significance of each group of variables was
assessed separately in a chunk test. If a chunk was significant, the significant variables in the
chunk were included in a final model. All three chunks were significant. Although age was
not significant in the demographic chunk, we nevertheless included it because of its
relevance in a study of older persons. The final model included sex, race, age and education;
self-rated health, functional status, and cognitive status; and stressful life events, social
network, and social interaction. All data were run unweighted, since weighting methods
were not available for all statistical procedures. SAS version 9.2 was used for the logistic
regression and descriptive analyses.

Results
At baseline, the sample ranged in age from 65 to 105 years, 54% were African American,
35% (both African Americans and Whites) were male. Over half had not gone beyond grade
school. Health was rated between good and fair. A substantial proportion reported
impairment in mobility and instrumental ADL, but few had any basic ADL impairments. On
average, cognitive status was in the unimpaired range. At baseline, a majority had
experienced one stressful life event (mean (standard deviation) 0.67 (0.95)); mean network
size was 13.82 (7.10), and mean social interaction was 13.97 (6.76). The mean CES-D score
was 3.2 (3.4), with 9.6% reporting 9 or more depressive symptoms. In the early years
approximately 5% of the sample died each year, the percentage dying each year increasing
with the age of the study.
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A four class model best fit the data. Participants were assigned to the class to which they had
the highest probability of belonging. The four trajectory classes were a stable class with few
depressive symptoms (n = 3043; 76.6%); a stable class with many depressive symptoms
(n=216; 5.4%), where “stable” indicates consistency in number of depressive symptoms
(score on the CES-D) over time; a class with an increasing number of depressive symptoms
(labeled “decliners”) (n=396; 10.0%); and a class with a decreasing number of depressive
symptoms (“improvers”) (n=318; 8.0%) (Figure 1). At baseline, the stable low symptoms
class reported between 1 and 2 depressive symptoms, a level maintained throughout the
study. The stable high symptoms class had a mean baseline modified CES-D score of 12,
and maintained a score greater than 10 throughout. In the decliner class score increased from
a baseline average of around 3 symptoms to approximately 9 symptoms (the cut-point that
indicates clinically significant depressive symptoms on this version of the CES-D) 6 years
later, before reversing slightly in the tenth year. Finally, the improver class initially had an
average score of approximately 8.25, i.e., close to the CES-D cutpoint, improved over the
first 6 years (to around 3 symptoms, the same starting point as the improver class), and then
deteriorated slightly. Uncontrolled examination of the association of baseline characteristics
with trajectory classes showed significant differences for all variables (Table 1) across
classes.

The stable low symptomatology class was younger, included a larger proportion of men, had
more education, the best health status on each of the health measures, the fewest stressors,
the highest social support, and (as with the improver class), the lowest death rate over 12
years (60%). The stable high symptomatology class was more likely to be White, reported
the poorest health status, the largest number of stressors, the poorest social support, and two
thirds died within 12 years. Compared to the improvers, the decliners were over a year older,
included a larger proportion of African Americans, men, and people with less education.
Their self-rated health, functional status, stressful life events and social support was
comparable to that of the stable high symptomatology class; they had the poorest cognitive
status of all the classes. At 73%, they had the highest rate of death.

Controlled analyses (multinomial logistic regression) included demographic (age, race, sex,
education), health status (self-rated health, functional status, cognitive status), and social
factors (stressful life events, social network, social interaction) (Table 2). Overall, each of
the demographic, health status, and social factors variables, with the anticipated exception of
age, significantly discriminated the four trajectory classes of depressive symptomatology.
The weakest, aside from age, was race.

Separate analysis of demographic and CES-D characteristics predictive of death indicated
that odds of death increased by 8% for each additional year of age (Odds Ratio [OR] =1.08;
95% Confidence Interval [CI]1.07-1.09, p <.0001), was 56% higher for men (OR = 1.56;
95% CI 1.34-1.82, p <.0001), declined by 3% for each additional year of education (OR =
0.97; 95% CI 0.95-0.99, p = .0022), and increased by 3% for each additional depressive
symptom (OR = 1.03; 95% CI 1.01-1.06, p = .0034). Race was not a significant predictor.
The inclusion of CES-D score in the model barely modified the demographic characteristics,
indicating that depressive symptomatology made a unique contribution.

For each category of variables, we first make comparison with the reference group (stable
low depression symptoms), and then compare the remaining three trajectory classes, in
particular to identify significant differences among them.

Compared to the stable low symptomatology class, women had increased odds of being in
one of the other classes – by 45% for the decliner class, and about double the odds for being
in the stable high symptomatology or improver classes. Age was not associated with
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trajectory class, but race and education were relevant. Whites were 56% more likely than
African Americans to be in the stable high symptomatology class than in the stable low
symptomatology class. Race, however, did not distinguish either the decliner or improver
classes from the reference group. Increased education reduced the odds of being in the
decliner, improver, or stable high symptomatology trajectory class. In summary, the only
associations found between demographic characteristics and trajectory class of depression
were that being male, and reporting more years of education increased the odds of being in
the stable nondepressed class, while being White increased the odds of being in the stable
high symptomatology class. None of the demographic characteristics distinguished among
the improver, decliner, or stable high depressive symptomatology classes.

Health was predictive of trajectory class. The stable low depressive symptomatology class
had significantly better self-rated health than any of the other classes. The odds of poorer
self-rated health was about 50% greater in the improver class, double in the decliner class,
and 2⅔ greater in the stable high symptomatology class. The functional status of the
improver class did not differ significantly from that of the stable low depressive
symptomatology class, but the functional status of the decliner and stable high
symptomatology classes was 10% poorer. Poorer cognitive status uniquely increased the
odds of being in the decliner class. Comparison of the improver, decliner, and stable high
symptomatology classes indicated that the self-rated health of the improver class was
significantly better than that of the stable high symptomatology, but there were no
statistically significant differences across these three classes with respect to functional status
or cognitive status.

Regarding social factors, stressful life events were strongly associated with trajectory class.
Compared to the stable low symptomatology class, the odds of stressful life events were
nearly double for the stable high symptomatology class, about 50% higher for the decliner
class, and about 25% higher for the improving class. Larger network size was associated
with increased odds for the improver class. Higher social interaction had conflicting effects,
reducing the odds of both improving and declining. It did not distinguish the stable high
symptomatology class from the stable low symptomatology class. Comparison across
improver, decliner, and stable high depressive symptomatology classes indicated that while
stressful life events were significantly higher in the improver than in the low depressive
symptomatology class, they were nevertheless significantly lower in the improver class than
in the stable high depressive symptomatology class. In addition, the improver class had a
significantly larger network than the stable high depressive symptomatology class.

In summary, with the exception of age, all the variables examined distinguished the stable
low depressive symptomatology class from one or more of the other three trajectory classes.
Four variables consistently distinguished the stable low depressive symptomatology class
from all of the other three classes: gender (a significantly higher proportion of men),
increased education, better self-rated health, and fewer stressful life events. Of these
variables, self-rated health and stressful life events also distinguished the stable high
depression symptomatology class from the improver class, the latter being in a more
preferred position than the former (better self-rated health, fewer stressful events). The
stable high depressive symptomatology class was distinguished by race (greater odds of
being white), but otherwise shared characteristics with at least one other trajectory class.
This class was most likely to report poorer self-rated health, and had nearly twice the odds
of experiencing stressful life events. The decliner class was distinguished by poorer
cognitive status, but they also reported poorer self-rated health and functional status, and had
an increased odds of stressful life events. The improver class reported a larger social
network than any of the classes, and their self-rated health, and stressful life events were
second only to that of the stable low depressive symptoms class.
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Discussion
We have examined the natural history of depressive symptoms in a representative sample of
older community residents, who were followed for 10 years. Four latent class trajectories of
depression were identified – a stable low depressive symptomatology class (77% of the
sample), a stable high depressive symptomatology class (5%), a decliner class in which
initially low depressive symptomatology increased over a period of 6 years before starting to
revert (10%), and an improver class that started with higher depressive symptomatology
which was reduced over time (8%).

The size of the stable classes is in line with expectation. Depression in the elderly is less
prevalent than in younger persons (1), with rates based on symptom scales higher than rates
based on clinical ascertainment. Our modified CES-D-based rate, indicating that at baseline
9.6% had substantial depressive symptomatology, is within the range of 8%-16% reported
(1). The general pattern of classes is similar to that found in the clinical sample of Cui et al.
(17), and remarkably comparable to that of Lincoln & Takeuchi (10), who identified
trajectories in a mixed-age community sample. The main difference between our study and
that of Lincoln & Takeuchi (10) is that we report a higher percentage in the non-depressed
class. This may reflect the lower age of their sample, since depression appears to be more
prevalent in younger age groups. The more complex class structure found by Cui et al. (17),
and the much smaller proportion who were not depressed, may reflect both differences in
depression ascertainment (a quasi-clinical approach was used), and initial identification of
subjects through medical visits, where a higher proportion of persons with depressive
symptoms and with more severe depression are generally found (38-40). Our rates for stable
high symptomatology agree well with findings from both studies (around 5%).

Further, the characteristics of the stable high symptomatology class found in the present
study agree with the characteristics for depression that have been identified in several
studies: female, white, in poorer health, and with stressful life events (1, 2, 4-19, 23, 41, 42).
Race, while statistically significant, distinguished only those who were consistently
depressed from those who were declining. Within the declining class, however, there was no
race effect. Rather, this variable emphasized characteristics already known, in particular, the
increased likelihood of greater depressive symptomatology in Whites. Aside from this, race
seems to play no role in distinguishing among trajectory classes – for this sample, the
findings apply regardless of race.

The only characteristics potentially modifiable at an older age that distinguish the stable
high depressive symptomatology class from the stable low depressive symptomatology class
are poorer self-rated health and functional status. Level of education, which also
distinguishes these two classes, is probably better addressed in the early years, and many
stressful life events, but not necessarily all, are outside individual control. It is possible that
interventions resulting in better personal health care (we know that depression is associated
with poorer personal care of health (42, 44)), improved functional status, and greater ability
to handle life events could ameliorate problems in the stable high depressive
symptomatology class.

What is of considerable interest, however, is the apparent flexibility within the group with
substantial depressive symptomatology – a larger proportion improves than stays depressed
(8% vs 5.4%), and there is a 9% reduction in the death rate. The long-term instability (i.e.,
improvement) of the high symptomatology class has also been reported for clinical
depression (23 and articles surveyed there).

Comparison of the stable high symptomatology and the improver classes indicates that the
latter reports significantly better self-rated health, fewer stressful life events, and a larger
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social network. The reason for the difference in self-rated health is unclear, since the health
conditions reported by the two classes over time, and their use of antidepressants differ little,
although functional status was consistently better (data not shown), suggesting that illness
may have been less severe, or better controlled. Thus, the improvers may be a group with
milder comorbidity, and relatively fewer stressful life events, for whom improvement in
health and coping with problems is more feasible, possibly aided by a larger social network
that can provide a greater range of desirable contacts. Their 12-year survival is comparable
to that of the stable low depressive symptomatology class. In short, it may be necessary to
look at a constellation of factors in order to identify which persons, among those with
multiple depressive symptomatology, have a greater odds of improving.

While it is important to identify characteristics indicative of likelihood of improvement, it is
also important to identify characteristics that could result in the reverse effect. The main
characteristic that identifies the decliner class is poorer cognitive status. This may make it
difficult for them to cope with poorer self-rated health and functional status, and an
increased number of stressful life events. It is possible that this is a group with impending
dementia, and so for this reason alone should be followed carefully (43). They have the
highest risk of death within 12 years (20% higher than for the improver class, or the stable
low depressive symptomatology class). This may be related to the constellation of negative
characteristics (poorer health and cognitive status, increase in depressive symptomatology)
each of which has been found to be associated with increased risk of mortality (22). It is
notable that persons with severe cognitive impairment were not included in the current
analysis sample, because of inability to respond to the CES-D. Thus, current findings
indicate that even mild cognitive impairment is associated with increased depressive
symptomatology and death. Both the improver and decliner classes have a similar level of
social interaction, that is lower than in the stable low symptomatology class. The quality of
this interaction (e.g., whether supportive or abrasive) is not known, but may differ between
the two groups.

This study has several limitations. The measure of depression (the CES-D) is based on
symptomatology, and not on clinical diagnosis, nevertheless, it has been widely used and is
well accepted. Some nonrepeatable stressful life events likely occurred more than a year
before the start of the study (the look-back period), some potential events only applied to a
subsample, and the effect of events may vary depending whether they are “on time” or not.
Information was gathered at fairly lengthy intervals (3, 6, and 10 years after baseline), and
so did not capture fluctuations in depressive symptomatology that might have occurred in
the interim. We also do not know the past history of depression, and so cannot control for
this. Because of sample size issues, we were unable to take into account events occurring
during the 10-year period which could have affected depressive symptomatology. Probably
for similar reasons, both the Cui et al. (17) and the Lincoln & Takeuchi (10) studies also
used only baseline data to try to distinguish among the trajectories. While ideally,
intervening events should be taken into account, practically longitudinal samples of
sufficient size that would permit such preferred analysis are rarely available because of
sample attrition, typically due to mortality, and the substantial number of statistical
comparisons that are necessary. There may be concern because the data are 15 to 25 years
old. Unless the changes that occurred between data gathering and publication affected the
matter of interest, we would expect the findings to remain valid.

Some of our explanatory variables are essentially unmodifiable (date of birth, sex, race,
education), others are person-specific (cognitive status, personal stressors, social contacts),
and only two (self-rated health, functional status) may have been subject to secular
modification. Over the last 25 years, the proportion of older people in the population and
their longevity has been increasing, and functional status has been improving (46), although
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some studies show flattening in improvement in functional status since the mid 1990s (47),
suggesting that findings from the current study should still hold. However, obesity with its
attendant health problems is creeping into the older ages; there is concern that gains in
health may not only be eliminated, but reversed (48), and political problems abound. All
longitudinal, and many cross-sectional studies are faced with such problems. Only future
studies can determine whether current findings remain relevant. As investigators we are
constantly faced with such concerns, to which there is no good answer. Finally, this study
was carried out in the southeastern area of the U.S., where health conditions and extent of
depressive symptomatology have been found to differ from other parts of the U.S., reducing
generalizability (7).

Nevertheless, this is one of the few studies to date that tries to identify the alternative
courses that depressive symptoms in the elderly may take over time, and under usual
circumstances. As such it indicates that the majority enter older age with their depressive
symptomatology path set. For about one in five, however, depression symptomatology
appears to be maliable, but in order to capitalize on this it may be necessary to look for a
constellation of conditions associated with depressive symptomatology. Approximately 60%
with multiple depressive symptoms, whose circumstances may not be too dire, improve. But
there is also a group of similar size, whose health and cognition decline, who develop
depressive symptomatology, and have the highest risk of death within 12 years. For this
group, additional recognition and intervention is needed.
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Significant outcomes

• Over a 10 year period, depressive symptoms remained stable for 82% of the
sample (few symptoms for 77%, many symptoms for 5%).

• The 10% whose depressive symptoms increased had poorer cognitive
functioning, possibly indicative of a developing dementing disorder.

• The 8% whose depressive symptoms declined had better health and social
resources.

Limitations

• Limited sample size for some trajectories, and high mortality restricted ability to
take intervening events into account.

• Our measure is of depressive symptomatology; while well-accepted in
epidemiological studies, it is not a measure of clinical depression.
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Figure 1. Trajectory classes of depressive symptomatology
The four trajectories are based on generalized growth mixture models of scores on the
modified CES-D obtained at baseline, 3, 6, and 10 years later.
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