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Abstract
Introduction—The aim of this study is to understand the long-term course and outcomes of
depressive symptoms among older adults in the community by examining trajectories of depressive
symptoms over time and identifying profiles of depressive symptoms predicting different trajectories.

Method—We measured depressive symptoms biennially for up to 12 years, using the modified
Center for Epidemiological Studies-Depression (mCESD) scale, in 1260 community-based adults
aged 65+ years. We determined latent trajectories of total mCES-D scores over time. We identified
symptom profiles based on subgroups of baseline depressive symptoms derived from factor analysis,
and examined their associations with the different trajectories.

Results—Six trajectories were identified. Two had one or no depressive symptoms at baseline and
flat trajectories during follow-up. Two began with low baseline symptom scores and then diverged;
female sex and functional disability were associated with future increases in depressive symptoms.
Two trajectories began with high baseline scores but had different slopes: the higher trajectory was
associated with medical burden, higher overall baseline score, and higher baseline scores on symptom
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profiles including low self-esteem, interpersonal difficulties, neurovegetative symptoms, and
anhedonia. Mortality was higher among those in the higher trajectories.

Conclusions—In the community at large, those with minimal depressive symptoms are more likely
to experience future increases in symptoms if they are women and have functional disability. Among
those with higher current symptom levels, depression is more likely to persist over time in individuals
who have greater medical burden and specific depressive symptoms.

Introduction
Depressed older adults confront clinicians with a variety of presentations, ranging from full-
blown major depressive disorder through varying degrees of subsyndromal depression to
isolated depressive symptoms (Beekman et al., 1999; Blazer, 2003). The long-term natural
history of major depression has been addressed in the literature albeit largely in studies
conducted before the introduction of antidepressant drugs (Anderson, 1936). The expected
course is less clear with regard to depressive symptoms, of which the prevalence is as high as
15% in community-based elderly populations (Mulsant and Ganguli, 1999). Depressive
symptoms are associated with considerable functional disability, morbidity and mortality
(Bruce et al., 1994; Beekman et al., 1997; Lyness et al., 1999; Ganguli et al., 2002; Judd et
al., 2002; Mehta et al., 2003; Lenze et al., 2005), and with higher utilization and cost of health
services (Unutzer et al., 2002) in older adults. Yet, due to a paucity of data regarding outcomes
and predictors over time (Dew et al., 1997; Van Londen et al., 1998; Cole et al., 1999; Unutzer
et al., 2002, Beekman et al., 2002), clinicians currently lack prognostic ability with regard to
depressive symptoms. An enhanced understanding would enable clinicians to identify high
risk groups and target appropriate interventions to prevent chronicity and disability.

We examined trajectories of depressive symptoms over a follow-up period of up to 12 years
in a prospective study of a large community-based cohort of older adults. We then examined
baseline symptom profiles to determine whether they predicted different subsequent
trajectories and mortality.

Methods
Study site and population

The Monongahela Valley Independent Elders Survey (MoVIES) was conducted from 1987 to
2002, in a population with low income and education levels in rural southwestern Pennsylvania,
U.S.A. Sampling and recruitment procedures have been detailed previously (Ganguli et al.,
1993). Study procedures were approved annually by the University of Pittsburgh Institutional
Review Board. Entry criteria were age 65+ years, living in the community at the time of
recruitment, fluency in English, and at least 6th grade education (Ganguli et al., 1993). The
cohort of 1681 participants comprised 1422 participants randomly selected from the voter
registration list and an additional 259 volunteers from the same area, all meeting the same entry
criteria (Ganguli et al., 1993). Participants were assessed at study entry (Wave 1) and reassessed
in a series of approximately biennial data collection waves. Between Waves 1 and 2, 340
individuals died, relocated, or dropped out. Depression was assessed for the first time at Wave
2 (1989–1991), which served as the baseline for the present analyses. Cohort size at Wave 2
was 1341. Participants with dementia onset prior to the baseline assessment, with incomplete
depression data at baseline, and with incomplete cognitive assessments were excluded from
these analyses.

Depression assessment
Participants underwent in-home screening including a modified Center for Epidemiological
Studies-Depression Scale (mCES-D; Radloff, 1977; Ganguli et al., 1995). This previously
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reported modification includes all 20 original CESD items but asks about their presence over
most of the preceding week in a yes/no format coded as 1/0, so that the maximum possible
score is 20. When treating the score as a categorical variable, we use a threshold reflecting the
10th percentile score on the mCES-D, which is a score of 5, representing the presence of any
five symptoms (Ganguli et al., 1995). The mCES-D was administered at all waves beginning
with Wave 2. Total mCES-D scores at each wave were subjected to trajectory analysis (see
Statistical Methods below). As the primary focus of this study was the epidemiology of
dementia, psychiatric screens other than for depression were not administered, and no
psychiatric diagnoses were made other than of dementia. Symptom profiles (subgroups of
mCES-D items) were identified based on factor structure, and composite scores were created
for each profile as described below in Statistical Methods.

Other assessments
The biennial screening assessment included multiple additional variables (Charney et al.,
2003), some of which were included in the analyses described below. Participants were tracked
between assessments and complete ascertainment of mortality was obtained (Ganguli et al.,
2002).

Besides the mCES-D item subgroups, variables compared among the trajectory groups
included basic demographics and clinical measurements including cognition as measured by
the Mini-mental State Examination (MMSE) (Folstein et al., 1975); total number of
prescription drugs being taken regularly, which has been shown to be a robust measure of
general morbidity/medical burden (Ganguli et al., 1997); use of antidepressant drugs (Ganguli
et al., 1997); inability to independently perform instrumental activities of daily living (IADLs),
according to the Older Americans Resources and Services (OARS) scale (Doble and Fisher,
1998); and mortality (proportion of subjects deceased during follow-up) (Ganguli et al.,
2002).

Statistical methods
Descriptive statistics were used to characterize the cohort at baseline. Principal components
factor analysis with varimax rotation was used to examine the factor structure of the mCES-D
at baseline, with the Kaiser Criterion (eigenvalues > 1) applied to determine factor loading and
thus identify profiles or subgroups of individual symptoms for further analysis. As these
subgroups contained unequal numbers of items, composite scores were created for each profile
by averaging and z-transforming the scores.

Trajectory analysis (Shea et al., 1992) was used to identify distinct homogeneous trajectories
in our data, based on the values of each individual’s total mCES-D score at five assessment
points (waves) over a period of up to 12 years. This is a semi-parametric classification method,
with individuals assigned to trajectory groups on the basis of their pattern of repeated scores.

We used SAS PROC TRAJ software, available online at
http://www.andrew.cmu.edu/user/bjones/index.html. The trajectory analysis method has two
components which it fits simultaneously: a censoring normal mixed model (Kendler et al.,
2006) of the total mCES-D score as a polynomial function of time given the group
classification, and a latent class model using multinomial logistic regression of the group
classification. Based on the Wald test and the optimum Bayesian information criteria (BIC)
(Shea et al., 1992), we determined the trend of each trajectory (linear, quadratic or cubic
function of time) and the optimum number of trajectory groups to provide the best fit to the
data and to be considered in subsequent analyses.
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As will be described in the Results section below, the best fit to the data was provided by a
model comprising six statistically distinct trajectories (see Figure 1): two trajectories with one
or no symptom at baseline, two with low or sub-threshold symptoms (below the 10th percentile
score of 5) at baseline, and two with high or supra-threshold symptoms (scores above 5) at
baseline. We first used Kruskal-Wallis tests for continuous variables and χ2 or Fisher’s exact
tests for categorical variables to compare global differences among the six trajectory groups
on their baseline characteristics. We selected the low-scoring pair and the high-scoring pair of
trajectories for pairwise comparisons. For univariable pairwise comparisons of baseline
characteristics and mortality between trajectories, we used nonparametric Mann-Whitney tests
for the continuous variables, none of which was normally distributed. We used χ2 or Fisher’s
exact tests for categorical variables.

We then used a multiple logistic regression to predict an individual’s trajectory on the basis of
his or her baseline characteristics, for the two pairs of groups compared in the univariable
analyses. Outcome variables in these models were the different trajectory groups. The main
predictor variables were the baseline depressive symptom profiles derived from factor analysis
and described below. The covariates included age, sex, education, baseline MMSE score as a
measure of cognitive status, any impaired IADLs, and number of prescription medications as
a measure of medical burden, as well as recruitment status (random vs. volunteer) at study
entry.

Finally, to examine associations of the trajectories with mortality, we fitted a Cox proportional
hazards model with time to death as the outcome variable and the trajectory groups as predictor
variables, adjusting for age, sex and number of prescription medications (reflecting medical
burden) as covariates.

Results
Demographic and clinical characteristics of the sample are described in Table 1.

At baseline (MoVIES Wave 2), the cohort included 1341 members, 1260 of whom were
included in the current analyses after excluding 48 participants with dementia onset prior to
the baseline assessment, 21 participants with incomplete mCES-D data at baseline, and 12
participants with incomplete MMSE data.

Overall follow-up of this cohort extended up to 11.8 years after baseline (Wave 2) assessment,
with a median of 8.3 years. During this period, 41.7% (n=526) participants died, and 8.5%
(n=107) were lost from the cohort for other reasons (dropout, too ill, or relocation). The
trajectory analyses included all participants assessed at baseline regardless of how long they
were followed subsequently. The mean (SD) interval between consecutive waves was 2.4 (0.3)
years. Pearson correlation coefficients between total mCES-D scores were strongest for
adjacent waves and became weaker for waves further apart.

Depressive symptoms profiles
In the factor analysis of the mCES-D, a four-factor solution was retained according to the
Kaiser criterion (eigenvalues > 1). These four factors cumulatively accounted for 55% of the
variance of the original matrix. All items included in the four respective factors achieved
loading ≥ 0.45. Two items – restless sleep and feeling fearful – failed to load at the specified
level. Four factors of mCES-D items based on this factor structure were used to characterize
participants’ symptom profiles.

Profile 1 was based on the first factor which accounted for 28% of the variance of the original
matrix. These symptoms included feeling depressed, not feeling happy, feeling lonely, feeling
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sad, not being able to shake off the blues, crying. We designated this profile as Core Mood
Symptoms.

Profile 2 was based on the second factor which accounted for 9% of the variance. It included
thoughts that others were unfriendly, that others disliked her/him, that life had been a failure.
We refer to this profile as Self- Esteem/Interpersonal Symptoms.

Profile 3 was based on the third factor which accounted for 12% of the variance. It included
poor appetite, not feeling hopeful, not enjoying life, feeling that one could not get going, feeling
everything was an effort, not enjoying life, not feeling just as good as other people. We refer
to this profile as Anhedonia/Neurovegetative Symptoms.

Profile 4 was derived from the fourth factor which accounted for 6% of the variance. It included
a heterogeneous group of symptoms reflecting concentration (trouble keeping mind on what
she/he is doing), withdrawal (talked less than usual) and increased sensitivity (being bothered).
We refer to this profile as Mixed Symptoms.

We note that profiles 1 to 3 above – core mood, anhedonia/vegetative symptoms, and self-
esteem/interpersonal difficulties – derived from the mCESD, are consistent with those
described recently by Shafer (2006) in a metaanalysis of factor analyses of the original CES-
D (Radloff, 1977).

Trajectories of depressive symptoms
Trajectory analysis revealed six trajectories of total mCES-D scores over time; trajectories 1
through 3 had linear forms while trajectories 4 through 6 were quadratic (see Figure 1); the
BIC showed no improvement in model fit beyond the six-trajectory model. In examining
characteristics of the entire sample and of each trajectory group, global tests showed that all
selected variables were significantly different among the six trajectory groups (see Table 1).
Trajectory groups 1 and 2 (TG1 and TG2), which together included the largest number of
participants, reported one or no depressive symptoms at baseline with virtually no change in
symptom score during follow-up. They were therefore not included in further comparisons.

Trajectory group 3 vs. trajectory group 4
Trajectory groups 3 and 4 (TG3 and TG4) were selected for the first pairwise comparison
because both reported sub-threshold (<5) depressive symptoms at baseline, but TG3
subsequently had a flat trajectory over follow-up while TG4 showed an increase in symptom
score over time (see Figure 1). We characterize TG3 as the “stable low-depressed” group and
TG4 as the “emerging depressive symptoms” group. In univariable analyses (Table 2),
compared to TG3, those with emerging depressive symptoms (TG4) were significantly more
likely to be women, with lower levels of education, marginally lower cognitive status, at least
one impaired IADL, and to report taking a higher number of prescription drugs at baseline.
Although a larger proportion of the TG4 than the TG3 participants died during follow-up, this
difference was not statistically significant (see Table 2).

In the multivariable analysis comparing TG3 and TG4, only being female and having at least
one IADL impairment at baseline were independently associated with future emerging
depression. None of the baseline symptom profiles distinguished between groups TG3 and
TG4 (see Table 2).

Trajectory group 5 vs. trajectory group 6
Trajectory groups 5 and 6 (TG5 and TG6) were selected for the second pairwise comparison
because they both had relatively high mean total mCESD baseline scores. Both trajectories
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showed a decrease in symptom count over time but their slopes were different (−1.7 vs. 0.1, p
< 0.001; see Figure 1). TG5 will be described as the “remitting depressive symptoms” group
and TG6 as the “persisting depressive symptoms” group. In univariable analyses, TG6
participants were significantly older than TG5 participants, but the groups were similar on
other demographic variables (Table 3). Also, participants in TG6 had significantly higher
baseline mCES-D scores, took significantly more prescription drugs overall, and a higher
proportion took antidepressant drugs (see Table 3). With regard to baseline symptom profiles,
when compared with TG5, TG6 had higher scores on interpersonal/self esteem and on the
anhedonia/neurovegetative profiles. A significantly higher proportion of TG6 than TG5
participants died during follow-up (see Table 3).

In the multivariable analyses comparing TG5 and TG6, variables independently associated
with the persisting depressive symptoms trajectory were: taking more prescription drugs,
having higher scores on the interpersonal/self-esteem difficulties and anhedonia/
neurovegetative profiles (see Table 3).

Variables excluded from multivariable models
Two baseline characteristics significant in the univariable analyses were excluded from the
multiple regression models. By definition, higher baseline total mCESD scores described the
higher trajectories; they were also collinear with the symptom factor scores. Total scores were
therefore excluded. Antidepressant use at baseline was excluded from both models because of
the very small number of individuals reporting this variable in all trajectory groups (Table 1);
although the association between TG6 and antidepressant use was statistically significant, the
estimates were unstable with very wide confidence intervals.

Power
Some covariates significant in the univariable analyses were no longer significant in the
multiple regression models. To determine whether the loss of significance was due to loss of
power after adjusting for covariates, power calculations were performed using PASS 2005
(Hintze, 2005). For the regression model comparing TG3 and TG4, we had 80% power at the
0.05 significance level for all covariates except the MMSE. For the regression model
comparing TG5 and TG6, we had 80% power at the 0.05 significance level for all covariates
except age and IADL.

Mortality
A Cox proportional hazards model was fitted to predict mortality in the cohort as a function
of depressive symptom trajectory. Using TG1 as the reference group, all five higher trajectories
(TG2 through TG6) were significantly associated with time to death, after adjusting for age,
sex and number of prescription medications (reflecting medical burden). The hazard ratios
(with 95% confidence intervals) for TG2 through TG6 were 3.5 (1.9–6.5), 4.1 (2.2–7.6), 4.3
(2.1–8.5), 2.9 (1.3–6.4), and 9.6 (4.4–21.0).

Discussion
In a large, community-based cohort followed for up to 12 years, trajectory analyses revealed
six trajectories in the course of depressive symptoms: two asymptomatic trajectories,
comprising the majority of participants, two low-symptom trajectories that diverged over time,
and two high-symptom trajectories with different slopes over time. These trajectories may be
viewed as reflecting the natural history of depressive symptoms in the community.

We focused on the two pairs of trajectories that diverged over time. To shed light on potential
risk factors for future increase in depressive symptoms among those who were initially free of
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substantial symptoms, we compared the stable low-depressed group (TG3) with the group
which later developed emerging depressive symptoms (TG4). To identify predictors of
chronicity among those who already had substantial depressive symptoms at baseline, we
compared the remitting depressive symptoms group (TG5) with the persistent depressive
symptoms group (TG6).

Predictors of future emergence of depressive symptoms
Only female sex and functional disability at baseline distinguished those who developed an
increase in symptoms over time from those who remained at subthreshold levels, after adjusting
for covariates. This finding is congruent with current literature on risk factors for depression
in old age (Charney et al., 2003; Cole and Dendukuri, 2003).

Predictors of persistence of depressive symptoms
Those with high overall baseline symptoms who experienced greater persistence of symptoms
over time started with a greater medical burden and reported more anhedonia/neurovegetative
and self-esteem/interpersonal symptoms at baseline. No other variables were independently
associated with either trajectory after adjusting for covariates. The persisting symptoms group
was significantly older than the remitting group in the univariable analyses, but the age effect
was too small to remain an independent factor in the multivariable analysis.

The persisting symptoms group had more severe baseline depression. It is well established that
initial severity of depression (Dew et al., 1997; Judd and Akiskal, 2002; Gildengers et al.,
2005; Katon et al., 2006) and a higher number of residual symptoms (Judd and Akiskal,
2002; Katon et al., 2006) are predictors of outcome for major (Dew et al., 1997; Gildengers
et al., 2005; Katon et al., 2006) and minor depression (Katon et al., 2006). However, the two
groups did not differ significantly on core mood symptoms. Rather, those with worse outcomes
(including higher mortality) had significantly more difficulties with self-esteem and
interpersonal relationships. These findings can be interpreted as evidence of persistent
maladaptive personality traits in chronic depression. Alternatively, they can be regarded as
evidence of post-depressive personality changes like pessimism, hostile dependence, increased
sensitivity, low self esteem (Akiskal, 2005). The entangled relationship between personality
traits and depression (Shea et al., 1992; Mulder et al., 2003) is well documented in the literature,
as is the negative impact of personality traits on the evolution of depression (Mulder et al.,
2003), especially related to the role of neuroticism in predicting the risk for both lifetime and
new onset depression (Kendler et al., 2006). For clinicians, our findings highlight the
potentially malignant effect of interpersonal difficulties in the evolution of depression. In these
cases, psychotherapeutic techniques might prove more beneficial than repeated
pharmacotherapy trials (Paykel et al., 1999; Thase et al., 2001). It is also useful to recognize
that treatment may not eliminate completely depressive symptoms, to the extent that residual
symptoms represent temperamental attributes.

Among participants with high baseline depressive symptoms, those with a persistent course
had more anhedonia and more neurovegetative symptoms at baseline than those whose
symptoms remitted earlier. It is notable that core mood symptoms did not distinguish between
these two groups. Thus, prominent difficulties related to energy and interest may predict
chronicity of overall symptoms and may add to the level of impairment and disability
experienced by chronically depressed individuals. Clinicians should be cautious in concluding
that the resolution of core mood symptoms (sadness, tearfulness) is evidence that depression
itself has remitted.

The persisting depression group, despite having a similar baseline level of core mood symptoms
as the remitting depressive symptoms group, experienced the highest medical burden and the
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highest mortality rate. These findings are consistent with the literature regarding the role of
age and medical burden as risk factors for depression in late life (Krishnan et al., 2002;
Alexopoulos, 2005) and also the association of depression with increased risk of mortality
(Ganguli et al., 2002).

Other literature suggests that older adults are less likely than younger adults to endorse sadness
when reporting depression and that depression without sadness is accompanied in the elderly
by poor outcomes (Gallo et al., 1999). Thus, it may be important for clinicians to continue
periodic proactive screening for depression beyond the standard exploration of sadness. They
should also recognize the importance of assessing functional ability (Steffens et al., 2005): in
individuals with minimal depressive symptoms at baseline, difficulties with daily activities
was the only predictor, other than female sex, of future increase in depressive symptoms (Lenze
et al., 2005).

A strength of this epidemiologic study is that it was carried out prospectively over more than
a decade in a large representative community-based cohort. However, as a consequence,
assessments had to be brief and infrequent. Our data on depression are limited to symptoms,
rather than syndromes or disorders, and do not include additional psychiatric variables such as
family history which might also predict outcomes over time. Although mortality was one of
the outcomes of interest, it also led to a 40% reduction in overall cohort size over the duration
of the study, with the greatest impact on the group with the highest depressive symptoms. This
led to loss of statistical power to detect potential small effects. Reflecting the racial/ethnic
composition of the elderly population of the study region, our study cohort was largely white
and did not allow the separate examination of minorities. As a population-based observational
study, rather than a clinical study, the number of individuals taking antidepressant medications
was very small and our data on the scope and duration of treatment were insufficient to examine
effects of treatment on outcome.

Still, to our knowledge, this is the first study to describe the long-term natural history of
trajectories of depressive symptoms in a representative community sample of older adults, and
to examine depressive symptom profiles as predictors of different trajectories. It therefore
makes a contribution to understanding natural history, and may generate hypotheses for further
research.
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Figure 1.
Trajectories of depressive symptoms
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