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Abstract
Objective—Research on the relationship of depression to mortality has yielded mixed results.
Limitations of previous studies include mostly one-time assessment of depression, short follow-ups,
and failure to model changes in depression appropriately. We attempted to use a joint modeling
approach to examining the association between longitudinal changes in depressive symptoms and
mortality.

Methods—Data were obtained from the Florida Retirement Study, a prospective cohort study of
community-dwelling oldest old individuals. At baseline, 879 people (M age = 80.6, 65.8% women)
had comprehensive psychosocial assessment, including the Center of Epidemiological Studies–
Depression Scale (CES-D). They were then assessed annually up to 11 years. Longitudinal changes
of CES-D, modeled by a joint modeling approach of repeated measures and survival data, were used
to predict mortality at follow-up (15 years after baseline), while adjusting for five classes of
covariates.

Results—Total mortality rate was 69.9%. CES-D at baseline was not predictive of mortality at 15-
year follow-up after adjusting for baseline covariates. The joint modeling revealed that an annual
increase of one point in CES-D scores over the years was associated with a 57% higher risk of
mortality (HR = 1.57, p<.001) at follow-up. Compared to those whose CES-D scores were stable
over time, subjects with increasing CED-D scores over time had a 70% increase in mortality risk,
p<.001, and their median survival time was 4 years shorter.

Conclusion—Although baseline CES-D was not predictive of mortality, the increase in depressive
symptoms over time was associated with higher mortality. It is important to assess longitudinal
changes in depression.
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Depression is a common psychiatric condition that is prevalent in both younger and older
populations (1). It is a disabling as well as deadly disorder. Depression may negatively affect
health and mortality via multiple mechanisms (2-6), such as decreased heart rate variability,
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chronic activation of the Hypothalamus-Pituitary-Adrenal system, sedentary life style, reduced
ability of self-care, and treatment non-compliance (7). These may be coupled with medical
comorbidities such as coronary heart disease (CHD), which place them at a higher risk of
mortality. Previous research has shown that depression is a risk factor for developing CHD
(8,9), and is also associated with increased mortality among patients after their first episode of
myocardial infarction (6,10). Furthermore, depression is correlated with other personality
factors such as neuroticism that may independently contribute to poor health and mortality
(11). In addition, there is a high risk of suicide among severely depressed patients.

Among studies of community samples, available evidence from two meta-analyses suggests
that depression contributes to an increased risk of mortality (4,12). However, methodological
limitations and inconsistent findings across studies have weakened the strength of the
depression-mortality relationship (4,9,13). Wulsin et al. (4) reviewed 57 studies published
before 1996 on the relationship between depression and mortality. 12 studies of community
samples were judged to be better quality studies, out of which 4 showed positive associations,
5 reported negative findings (i.e., no significant association between depression and mortality,
after controlling for covariates), and 3 had “mixed” findings (significant findings only in
subgroups of samples). Schulz et al. (5) conducted a follow up review for studies published
between 1997 and 2001, and similarly, they found that among 22 community studies, 9 reported
positive findings, 7 had negative results, and 6 showed mixed results. Since 2001, there have
been at least another 14 studies published on the depression-mortality association in community
samples, based on our literature search. Six of them reported positive results (14-19), 5 showed
negative findings (20-24), and 3 had mixed findings (25-27). In summary, at least half of the
studies reported negative or mixed findings regarding the association between depression and
mortality.

A number of methodological limitations may have contributed to inconsistent findings in these
studies. First, very few studies had depression assessed twice or more (16,25,28-30). Such
designs may be inadequate to capture the changing nature of depression, especially in older
populations (1). Changes in depressive symptoms may represent different risks for mortality
(16). Progressive depression may reflect deterioration in health status, life satisfaction, and
daily functioning (31,32), which may not be captured by a single assessment. Therefore,
multiple assessments of depression over many years are needed to examine the changes of
depression and its association with increased mortality. Second, most studies had relatively
short follow-up periods to ascertain mortality, which captured a small percentage of deaths and
produced potentially truncated and biased samples. Few studies had follow-up periods of more
than ten years (17,20,23,33-35) with mortality rates more than 50% (18,20,35,36). Third, many
studies did not have comprehensive covariate adjustment in their analysis. Wulsin et al.
identified important covariates that need to be controlled in this area of study, including age,
sex, severity of physical illness, level of functioning, smoking, alcohol use, and socio-economic
status (4). If certain covariates were controlled for in these studies, the significant relationship
between depression and mortality may be eliminated (22). Therefore, it is necessary to examine
the link between depression and mortality risks in large community samples that utilize
multiple depression assessments over a long period of time, while controlling comprehensively
for possible confounding factors. Such a study would also require application of appropriate
statistical methodology necessary to effectively take advantage of the longitudinal design.

In previous studies, statistical methods used to analyze longitudinal data often failed to take
advantage of the longitudinal nature of the data structure that can reflect changes in depressive
symptoms. Simply calculating a cumulative average of depression scores over several
assessments effectively eliminates the opportunity of examining changes in depression (29).
Some studies attempted to describe changes in depression by categorizing differences between
two assessments of depression into chronic, remitting, or none. It is well known among
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statisticians that two time points are inadequate to examine change (37). One study (16)
characterized the clinical course of depression by fitting individual linear regressions and using
the intercepts and slopes to predict mortality in Cox regression. Although this was a good
approach to study change, the two-stage nature of individual linear regression and survival
analysis contains computational pitfalls that limit the statistical power of modeling change/
survival and lead to biases in parameter estimation (37,38).

Recent methodological advances have made it possible to model longitudinal changes via
multiple repeated measures and survival data simultaneously, as opposed to running in two
separate stages, yielding better parameter estimations and more precise hypothesis testing
(39,40). This technique was first developed in the clinical trial field in an attempt to link changes
in biomarkers to treatment outcomes (41). It combines the advantages of modeling intra-
individual change trajectory in a growth curve analysis with the power of predicting time-to-
event outcomes in a traditional survival analysis, which tends to focus on inter-individual
differences. In the joint modeling approach, the longitudinal trajectory of the variable of interest
serves as the predictor for the time-to-event outcome variable, which is different from being
the dependent variable in hierarchical linear modeling or mixed modeling. This new joint
modeling approach has been successfully applied to investigating the relationships between
longitudinal changes in cognitive functioning and the onset of Alzheimer's disease or mortality
(42,43), but, to our knowledge, it has not been used in the study of depression and mortality.
Modeling the longitudinal course of depression has also practical implications. Depression
tends to be chronic and recurring in elderly (1), and persistent depression is associated with
poor treatment adherence (7), leading to worsened health status. However, it is largely unknown
about how the longitudinal course of depression affects mortality. The present study was an
attempt to use the new joint modeling approach to examine the association between changes
in depressive symptoms, vs. baseline depression, and mortality. We studied a sample of
community dwelling elderly individuals with annual assessment of depressive symptoms and
multiple covariates, and followed them up to 15 years. This gave us a chance to examine the
progression and change trajectory of depressive symptoms and its impact on mortality risks.

Methods
Study Design

Data for this research were obtained from the Florida Retirement Study, a panel study which
focuses on late-life adaptation of community dwelling elderly persons (44,45). It is an ongoing
longitudinal investigation of individuals who, in 1990 (N = 1000), were living in one of three
independent living retirement communities located on the west coast of Florida. These
individuals were living independently in their own homes and no meal or personal care services
were offered by the communities.

A total of 3,905 households were screened to identify eligible individuals for the Florida
Retirement Study. They were randomly selected from residential listings provided by the
management of the three retirement communities. Eligibility criteria included: (a) living in one
of three specified retirement communities in January 1990; (b) aged 72 years or older at
baseline; (c) living in Florida at least nine months out of the year; and (d) reporting that they
were “sufficiently healthy” to complete a ninety minute face-to-face interview (44). Selected
households were contacted by telephone to determine if a member of the household met
eligibility criteria. Of the 3,905 households contacted, 48.9% (n = 1,909) did not meet eligibility
criteria (25.8% due to age younger than 72 years, 15.5% due to part-time residency, and 7.6%
due to self-report of poor health). Additionally, 13.4% of households contacted refused
participation and 14.5% of households could not be reached after a series of five attempts by
the research staff. As such, 1,000 respondents completed an in-home, face-to-face interview,
and were assessed in terms of his or her demographic, psychosocial, behavioral, cognitive,
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functional, and health status. Face-to-face interviews conducted by trained interviewers were
conducted annually for all study respondents. Mortality was ascertained by the Social Security
Death Index, based on participants' social security numbers, as of 12/31/2005, up to 15 years
from the baseline. The study was approved by the Case Western Reserve University
Institutional Review Board.

Participants
879 participants were administered the Center for Epidemiological Studies – Depression Scale
(CES-D) at baseline or had at least one assessment of CES-D at a later time. Therefore, they
constituted the sample of the present study. At Year 11 from the baseline, 486 participants had
died during the course of the study, 209 participated in the final interview, 58 were lost at
follow-up, and 126 refused to participate or were otherwise unavailable to participate. There
were an additional 128 deaths by the end of 2005, making a total of 614 mortality cases (69.9%).
At baseline, 65.8% of the sample were female. The mean age at baseline was 80.64 ± 4.80
years, with a range of 72 to 104 years. The average number of years of education was 13.60 ±
2.55. The sample was 100% Caucasian. Median annual income was about $25,000. In the
sample, 45.5% were married, and 48.9% were widowed, with the remaining 5.6% divorced or
never married. In this sample, the mean number of follow-up interview participation was 6.0
(SD = 3.6, Median = 6.0). Each annual follow-up face-to-face interview included a number of
different measures, but the CES-D was always completed every time. The participation rate
for each follow-up year ranged from 77.02% to 23.21% from the baseline, and 75.84% to
96.90% from each proceeding year. In other words, the attrition rate was in average about 10
to 15% each year from the proceeding year. Table 1 describes the characteristics of the sample
in terms of demographic, social, health, behavioral, and functional characteristics.

Measures
Demographic Information: Participants were asked in interview questions about their age, sex,
number of years of education, annual income, marital status, and living arrangement. Their
responses were coded into categorical variables.

CES-D (46): This is a commonly used depression assessment tool in epidemiological studies,
and it has been validated in the elderly population (47). The original scale consisted of 20 items,
but a short version of the scale with 10 items (48) was used in the present study. The short
version has been used in several studies on depression and mortality (22,26,29,49), and it has
been shown to be highly correlated with the full 20-item scale (48). Most somatic symptoms
of depression that can be caused by physical illnesses were excluded from the short version of
the CES-D. Sample items include “I felt lonely”, “I had crying spells”, and “I felt depressed”.
The scale asked an individual to rate how often he or she had felt each symptom during the
past week. A 5-point Likert scale was adopted for each item: 1 = Never/Rarely, 2 = Some/little,
3 = Occasionally, 4 = Most of the time, and 5 = All of the time. The range of possible scores
was 10 to 50. The coefficient alpha of the scale at baseline was 0.84.

Health Behavior: Interview questions were used to assess smoking status (yes or no), alcohol
consumption (none, occasional, or regular), and whether exercise was performed at least three
times a week and at least 20 minutes each time (yes or no) (50).

Chronic Illnesses: The Older Americans Resource Study (OARS) Illness Index (51) was used
to measure chronic illness. The OARS Chronic Illness Index was selected for inclusion based
on its widespread use in the field and documented psychometric properties among elderly
respondents (52). Respondents were asked whether they had been diagnosed by a physician
with one or more of 25 chronic illnesses over the past year. For each illness condition reported
by the respondent, a code of (1) was given and a code of (0) for those conditions not mentioned.
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For the purpose of the present study, major chronic illnesses included hypertension, coronary
heart disease, diabetes mellitus, stroke, cancer, and hyperlipidemia.

Body Mass Index (BMI): Individuals were weighed in street clothes. Height without shoes was
assessed with a standard ruler. BMI was computed as weight in kilograms divided by height
in meters squared.

Global self-rated health was measured by a one-item question with five options: 1 = excellent,
2 = good, 3 = fair, 4 = poor, and 5 = very poor (53).

Physical functioning was measured at baseline by the OARS Activities of Daily Living (ADL)
and Instrumental Activities of Daily Living (IADL) Index (54,55). To assess IADL levels,
respondents were asked a series of three questions reflecting difficulty with carrying out the
following instrumental activities of daily living: (1) doing your own housework, (2) preparing
your own meals, and (3) shopping for groceries. Coding and response categories for the three-
item index are (1) “never or no trouble performing” to (4) “always have trouble performing”.
An IADL index was created by summing across the three items. ADL functioning was assessed
through the use of six questions asking the respondent to what extent they have trouble with
personal tasks such as (1) washing and bathing, (2) dressing and putting on shoes, (3) getting
to or using the toilet, (4) getting in/out of bed unassisted, (5) eating without assistance, and (6)
getting in/out of a chair. The same procedure used to create the IADL index was utilized to
create the ADL index.

Cognitive impairment was assessed using the Short Portable Mental Status Questionnaire
(SPMSQ) (56) at baseline. Respondents were asked a series of ten questions (e.g., “what day
of the week is it”, “what year is it”, “what is the name of the President”). Incorrect responses
are coded as (1) and correct responses as (0). Incorrect responses (errors) were counted, with
higher scores indicating greater cognitive impairment. Responses were classified into four
categories: no impairment (no error made), mild impairment (1 or 2 errors made), moderate
impairment (3 or 4 errors made), and marked impairment (5 or more errors made).

Statistical Analysis
We first conducted traditional survival analysis using Cox proportional hazard regression to
test whether the baseline CES-D score was predictive of mortality, with and without controlling
for baseline covariates in separate models. Functional forms of the covariates were assessed
by checking the martingale residual plots. Kaplan-Meier analysis was used to compute median
time of survival after baseline. We then used the joint modeling approach (39) to model the
trajectory of CES-D score over time, and the effect of CES-D trajectory on mortality
simultaneously. Again, the analysis was run with and without controlling for baseline
covariates in separate models. The joint modeling used a Weibull function, which is a
parametric approach as opposed to the semi-parametric Cox regression, to model the
relationship between the repeated measures and mortality data. To model the trajectory of CES-
D scores, linear and quadratic functions were used. The interaction effects between the intercept
(baseline) and slopes (linear or quadratic) on mortality were also tested. They were to be
dropped if they were not statistically significant. If the change of CES-D was significantly
associated with mortality, further exploratory analysis would be conducted to examine how
the trajectory of CES-D changes affect mortality. To do that, a 2-stage OLS growth curve
analysis was conducted to model the individual change trajectory. For each subject, an
individual linear regression was fitted to CES-D scores against time, and the estimated slope
and intercept were computed and saved in the dataset. The linear slope of CES-D for each
individual reflects the average annual change in CES-D scores over time, with a positive sign
representing an increase in scores and a negative sign representing a decrease in scores. Then
the sample was divided into sub-groups based on an individual's linear slope. The sub-groups
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were compared by using Cox regression analysis in terms of risks of mortality, while
controlling for covariates.

For the joint modeling, the longitudinal model applied to the CES-D score Y of patient j assessed
at Year i has the following form

where α0j and α1j are random effects representing the intercept and slope of CES-D score of
patient j, which were assumed a multivariate normal distribution. Subjects with only one
measurement contributed to the estimation of the mean intercept. The linearity assumption was
made so that we could relate quantifiable characteristics of the CES-D longitudinal trajectory
to mortality. We considered the Weibull survival model for the mortality

where rtr−1 with r > 0 is the baseline hazard; Zj consists of other risk factors at baseline. The
parameters γ0 and γ1 represent of the effects of the CES-D trajectory (intercept and slope) on
mortality. The final joint model would control for baseline covariates. Univariate analysis for
each baseline covariate was run first to screen non-significant predictors. A predictor with a
p-value greater than 0.1 in the univariate analysis was excluded from the final multivariate
analysis. Because this new modeling approach demands considerable computational power,
controlling for longitudinal changes in covariates is not possible at this time. Furthermore,
controlling for longitudinal changes in covariates may lead to time-dependent confounding
effects that complicate the interpretation of the results. In addition, it is common to get non-
converged solution to the modeling if too many covariates are included in the equation (42).
Five classes of covariates were controlled for in the present study. 1) Demographic
characteristics, including age, sex, number of years of education, marital status, annual income,
and living situation (e.g., living alone or living with someone else). 2) Health behavior
variables, including smoking, alcohol consumption, and exercise. 3) General health status, such
as global self-rated health and BMI. 4) Chronic illnesses, including heart disease, stroke,
cancer, diabetes mellitus (DM), hypertension, cancer, and hyperlipidemia. These covariates
were coded as yes/no dichotomous variables in the data analysis. 5) Functional impairment
variables, including ADL, IADL, and cognitive impairment measured by the SPMSQ. These
covariates were chosen because of their potential association with both depression and
mortality, as elaborated by Wulsin et al (4).

Subjects who were lost to follow-up due to reasons other than death were assumed to be
ignorable dropouts (57) and they were included in the analysis. Subjects who refused to
participate in the study didn't provide any data, and were excluded from the analysis. The CES-
D was added to the study protocol after the baseline interview started. Therefore, not everyone
had a chance to respond to the CES-D at baseline. This situation might introduce bias. However,
this was not a systematic bias because the missing data was not associated with any other
factors. All data analyses, except the joint modeling, were conducted using SPSS version 14.
The joint modeling was conducted by using Proc NLMIXED in SAS version 9.1.
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Results
Traditional Cox Regression

We first conducted traditional Cox proportional hazard regression using the baseline CES-D
to predict mortality. In a univariate analysis, baseline CES-D significantly predicted mortality
(HR = 1.02, p = .012, 95% CI = 1.01 – 1.03). After adjusting for age and sex, baseline CES-
D was still a significant predictor of mortality (HR = 1.03, p < .001, 95% CI = 1.01 – 1.04).
However, in the multivariate analysis, after controlling for all five classes of covariates
(demographics, health behavior, general health status, chronic illness, and functional
impairment), baseline CES-D was no longer predictive of mortality (HR = .99, p > .20, 95%
CI = .97 – 1.01). At baseline, male gender, older age, lower income, history of hypertension
and diabetes, lower BMI, less exercise, poorer self-rated health, marked cognitive impairment,
and worse instrumental ADL significantly predicted increased mortality in the multivariate
model. Table 2 shows the results of univariate as well as multivariate Cox regression for each
predictor. For categorical variables, it also shows mortality rate in each group and median
number of months of survival after baseline.

Joint Modeling of Repeated-Measures and Survival Data
Univariate analysis was conducted first, without any covariates. The model estimated the
intercept (α0j in the model), which was the estimated mean baseline CES-D score, as 18.27 ±
5.50, and the linear slope (αij in the model), which was the estimated mean annual change in
CES-D score, as .56 ± 2.13. In other words, on average, the participants in the sample had
increased CES-D scores of 0.56 points annually, and increased score of 5.6 points at the end
of this study (i.e., 0.56 × 10 years). A quadratic term of change in CES-D scores (i.e.,
acceleration or deceleration of change over time) was also tested in the model, but it turned
out to be non-significant, HR = .98, p = .12, therefore it was dropped from the model in further
analysis. In this univariate model, both intercept (i.e., baseline CES-D) and linear slope
significantly predicted mortality, HR's = 1.03 and 1.49, p's < .01, respectively.

A multivariate model was then fitted to the data, controlling for potential covariates. The results
showed that the intercept (i.e., estimated baseline CES-D) became non-significant in predicting
mortality, HR = 1.01, p > .50, which is consistent with what was found in the traditional Cox
regression. In contrast, the linear slope was still a significant predictor, HR = 1.57, p < .001.
This means that an annual increase of 1 point on CES-D was associated with a 57% higher risk
of mortality. If an individual had an increased CES-D score of 2 points annually, the risk of
mortality would have increased by 2.46 times. The interaction between intercept and slope was
not statistically significant, therefore it was dropped from the final model. The baseline
covariates included in the final model were similar to those in the traditional Cox regression
shown above. Table 3 summarizes the results of the joint modeling.

A Two-Stage Growth Curve and Survival Analysis
In the 2-stage growth curve analysis, the mean linear slope of CES-D scores was .56 ± 2.13,
the same as that from the univariate joint modeling described above. To categorize the change
pattern of CES-D scores over time, the whole sample was divided into three groups, based on
the tertiles of CES-D linear slopes. The first tertile group represented a marked increase of
CES-D scores over time, with a mean slope of 2.32 ± 2.02. The second tertile group represented
a slight increase but mostly stable in CES-D scores over time, with a mean slope of .42 ± .23.
The third tertile group represented a decrease in CES-D scores over time, with a mean slope
of -1.06 ± 1.94. To interpret the results more intuitively, the three groups were named as the
“Up”, “Stable”, and “Down” groups, respectively. The “Up” group consisted of subjects with
an increase in CES-D scores and progression of depressive symptoms over time. The “Stable”
group consisted of subjects whose CES-D scores and depressive symptoms were largely
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unchanged over time. The “Down” group consisted of subjects with a decrease in CES-D scores
and improvement of depressive symptoms over time.

The three groups were used in a traditional multivariate Cox regression to predict mortality,
the results of which are shown in Table 4. Compared to the “Stable” group, the “Up” group
had HR = 1.70, p <.001. The “Down” group was not significantly different from the “Stable”
group. When recoding the reference group to the “Down” group, the “Up” group had HR =
1.40 (95% CI = 1.10 – 1.78), p = .007.

Table 4 also shows characteristics of the three groups at baseline. As noted, the HR for the
“Down” group was higher, but it was not statistically different from the “Stable” group.
Interestingly, the “Down” group had significantly higher baseline CES-D scores than either
the “Stable” or “Up” group. Starting from a relatively high CES-D baseline may account for
the observation that the decreasing trend of CES-D scores did not confer a significantly higher
risk of mortality, compared to the “Stable” group. However, an attempt to test the interaction
between baseline CES-D and CES-D change groups did not yield statistically significant
results. Further analysis of the baseline characteristics among the three groups revealed that
the “Up” group were significantly older and had more women. Naturally, one would ask
whether the “Up” group had more health problems that might lead to a higher mortality rate.
However, Table 4 shows that the three groups were not significantly different in chronic
illnesses at baseline, although the “Up” group tended to have a slightly higher percentage of
sick people.

Figure 1 shows the Kaplan-Meier survival curves for the three groups. Compared to those in
the “Stable” group, individuals in the “Up” group had a 70% higher risk of mortality. Compared
to those in the “Down” group, individuals in the “Up” group had a 40% higher risk of mortality.
The “Stable” group had the longest survival with a median of 150.93 months. On average,
individuals in the “Up” group (Median months of survival = 102.43) lived four years less than
those in the “Stable” group (Median months of survival = 150.93), while individuals in the
“Down” group (Median months of survival = 127.27) lived two years less than those in the
“Stable” group.

Discussion
The present study utilized a new statistical methodology, joint modeling of repeated-measures
and survival data, to examine changes in depressive symptoms over time and their associations
with mortality in a large sample of elderly community-dwelling individuals. All participants
were assessed annually, up to 11 years from baseline. The results show that baseline depressive
symptoms were not significantly predictive of mortality. However, the linear change rate of
CES-D scores was a significant predictor of mortality even after adjusting for all five classes
of covariates. The HR was 1.57 in the joint modeling, suggesting that an average annual
increase of one point on the CES-D conferred a 57% higher risk of mortality. Further
exploratory analysis demonstrated that individuals with marked increases in depressive
symptoms over time suffered a 70% higher risk of mortality (adjusted HR = 1.70) than those
who remained stable or had a slight increase in depressive symptoms. On average, the increased
depressive symptom group (“Up” group) died four years earlier than the stable or slight increase
in depressive symptom group (“Stable” group). Individuals who had relatively higher CES-D
scores at baseline but had a decreasing trend over time did not statistically differ from those
with stable or slight increase in CES-D scores in mortality, although their HR was 1.22.

Previous studies on the association between depression and mortality in community samples
produced mixed findings, perhaps partly due to methodological limitations. The present study
attempted to overcome these problems. First, most studies used one-time assessment of
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depression at baseline to predict mortality at follow-up. Only two studies had twice measured
depression (25,28), and only three studies had data on more than two waves of depression
assessment (16,29,30). In contrast, our study had up to 11 annual assessments of depressive
symptoms. This gave a better picture of how one's depressive symptoms change over time,
reflecting the chronic, waxing and waning nature of depression. Second, many studies had
relatively short follow-up periods to ascertain mortality. Only a few studies had follow-up
periods of more than ten years (17,20,23,33-35), or had sample mortality rate more than 50%
(18,20,35,36). Our study had up to 15 years follow-up. With a longer follow-up, we were able
to capture more events of mortality (almost 70%) and therefore increase the power of our
statistical analysis. Third, statistical methods in previous studies were often inadequate in
reflecting the changes in depressive symptoms over time. Our study utilized the most recent
methodological advances to jointly model longitudinal multiple repeated measures and
survival data simultaneously (39,40). To our knowledge, it is the first time that the joint
modeling approach is used in the study of depression and mortality. In addition, the type and
number of covariates controlled for in previous studies were inconsistent, as shown in both
Wulsin et al. (4) and Schultz et al. (5). The number of covariates controlled for ranged from 2
(i.e., age and sex) to 20. The present study adjusted for five classes of potentially confounding
factors, including all of which Wulsin et al. (4) have identified, as well as marital status, living
arrangement, self-reported health status, and cognitive impairment. In the present study, the
baseline CES-D became non-significant in predicting mortality after adjusting for covariates.
This is consistent with what several researchers have speculated, that is, depending on the type
of covariates used, a study may or may not find a significant association between depression
and mortality (4,5,12,22). Although not all covariates in our study were significant in the final
model, some covariates did contribute to the prediction of mortality. The single item global
self-rated physical health question predicted mortality in multiple studies (58,59). Although
not directly using the same measure, one study did show that depression became a non-
significant predictor of mortality after controlling for self-reported health variables (22).
Cognitive impairment also predicted mortality in some of the previous studies (42).
Consequently, it is important to control for these variables in order to demonstrate the
independent association between depression and mortality.

Our finding that changes in depressive symptoms over time significantly predicted mortality
is consistent with the few previous studies that have attempted to assess longitudinal changes
in depression. Pulska et al. (28) conducted two assessments for depression, five years apart,
using a DSM-III semi-structured interview with 813 elderly Finnish people, and classified the
sample into three groups: 1) recurrent depression, 2) recovered from depression, and 3) no
depression. They showed that compared to the no depression group, the recurrent depression
group had a relative risk of 1.5 in mortality, whereas the recovered from depression group was
not statistically different. Anstey and Luszcz (25) conducted a similar study using two CES-
D assessments with two years apart, and classified the sample into four groups: never
depressed, remitted depression, chronic depression, and incident depression where one was
not depressed initially but became depressed later. The incident depression and chronic
depression groups had elevated risks of mortality relative to the never depressed group (RR's
= 2.10 and 1.52, respectively). Interestingly, the remitted depression group was not statistically
different from the never depressed group in mortality risk. Penninx et al. (30) studied an
American sample of 3701 elderly people with three assessments of CES-D in six years, and
created three groups, never depressed, newly depressed, and chronically depressed. They
demonstrated that the newly depressed group, similar to the “Up” group in our study, had 31%
higher risks of mortality than the never depressed group, and that the chronically depressed
group, similar to the “Stable” group in our study, did not have statistically higher mortality
risks. Unfortunately, their study did not have a group that showed remitted depression or
decreasing depressive symptoms. The work of Geerlings et al. (16) was similar to our study in
that they also used two-stage growth curve and survival analysis to consider the change in
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depression and its association with mortality, with eight assessments of CES-D in three years
and follow-up at 6.5 years. However, their classifications of change groups of depression were
not based on the linear slopes of individual regression. Rather, six groups were created based
on an increase of five points on CES-D between any two time points. Compared to the no
depression group, only the chronic depression group had elevated mortality risks, adjusted RR
= 2.11. In their two-stage analysis, both intercept (baseline CES-D) and slope (linear change
rate of CES-D) were significant predictors of mortality. Compared to our study, they did not
control cognitive impairment, health behaviors such as smoking, alcohol intake, and exercise,
and global self-rated health. They had a smaller sample size (N = 484), shorter follow-up period
(6.5 years), and fewer assessments of CES-D. More importantly, the two-stage analysis yielded
less precise estimates of the risks of mortality from changes in depression.

The present findings may have clinical implications. Increases in depression over time
conveyed a significantly, both statistically and clinically, higher risk of mortality, whereas
individuals with decreasing trend of depression over time, although having started from a
higher baseline, enjoyed a lower mortality risk and two more years of life. This perhaps suggests
that if we can screen and treat depression in its early stages, and if we can stop the progression
of depressive symptoms, we may be able to reduce the excess mortality in this high risk
population among the elderly. Several recent randomized controlled clinical trials have shown
evidence to support this claim (60-63). One study showed a higher percentage of patients
achieving reduction in depressive symptoms in the intervention group compared to the usual
care group (60). Based on the findings of the present study and several previous studies, future
research should perhaps prioritize interventions for the chronically depressed patients who
have worsening symptoms over time, who are at higher risk of mortality. Our results suggest
that early screening, repeated assessment and treatment of depression should focus on stopping
the progression of depression, thus preventing the excess mortality that depression confers on
the elderly.

In spite of the advantages of the present study, several limitations should be noted. First,
assessment of depression was based on self-report measures and not a clinical or diagnostic
interview. Therefore, we do not know how many participants in the study were actually
clinically depressed. However, the CES-D has been widely used in the literature. It is easy and
cheap to administer in large epidemiological studies and it has been shown to be sensitive in
detecting depression (47,48). Second, we did not have information on the specific causes of
death for participants who died in the course of the study. Thus, we were not able to analyze
the association of depression with specific diagnostic categories such as cardiac illness. We
could have obtained death certificates to ascertain the cause of death, but some authors have
argued against the use of death certificates (64-66). Third, the CES-D items used in the study
were based on five anchor points, instead of the four-point Likert scale that are most commonly
used, making univariate findings difficult to compare with other studies. Other studies have
used a cut-off point of 8 on the CES-D 10-item scale to define clinical depression. Because we
do not know how the 5-point Likert scale performs in detecting depression, a cut-off point was
not used in our study. Nevertheless, because we focused on the longitudinal changes in CES-
D scores, clinical categorization of depression for each subject was not necessary. Fourth, the
sample was all white, relatively healthy, elderly living in retirement communities, and they
had relatively higher socio-economic status. The nature of the sample may potentially limit the
generalizability of the findings. However, the characteristics of the sample make the results
more relevant to primary care physicians who see well elderly patients on a daily basis. Fifth,
due to space limitations, we did not report any moderation analysis to explore potential
subsamples in which the depression-mortality association may be different. We did test the
moderation effect of sex, but there was no significant difference between men and women in
this sample.
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Finally, most of the data on covariates were also based on self-report or interview information,
and we did not collect data on laboratory tests or biomarker data, such as blood pressure, blood
cholesterol level, and C-reactive protein, which have been shown to predict mortality in many
studies. We recognize that the list of covariates controlled for is still not complete. Future
studies should try to test potential psychophysiological (5,67) and behavioral mediators (31)
underlying the link between depression and mortality, pinpointing the optimal entry for
intervention. Furthermore, with the advances in the joint modeling approach, future studies
should be able to model changes in depression as well as changes in covariates, and explore
the associations among changes in these variables (68) and mortality. Because the joint
modeling is a relatively new methodology, its limitations have not been fully understood. In
the present study, a linear function form was assumed for the CES-D trajectories so that the
characteristics of the trajectories such as “intercept” and “slope” could be related to the
outcome. However, a linear trend may not be adequate to describe the time course of the CES-
D scores. Model misspecification may occur if the CES-D trajectories were not linear over
time, potentially leading to biased results. To relate the CES-D trajectories to the outcome, a
nonparametrics model may be more appropriate. However, it would be more difficult to find
suitable characteristics of the model to reflect clinically meaningful concepts. Therefore it
would be difficult to relate the CES-D trajectories to mortality. Future research in the joint
modeling methodology should overcome these issues.

In summary, we found that an annual increase of one point in CES-D score conferred a 57%
higher risk of mortality. Compared to those with stable CES-D scores, people with increased
depressive symptoms over time had a 70% higher risk of mortality. On average, they died more
than 4 years earlier. If a person's CES-D score declined over time, the risk of mortality was
not statistically different from those with stable CES-D scores, and on average, they gained
almost two more years of life compared to those with increased depressive symptoms. Baseline
CES-D was not predictive of mortality, but change in depressive symptoms over time was a
significant predictor of mortality, even after adjusting for five classes of covariates. Therefore,
in longitudinal studies, it is very important to examine change trajectories of depressive
symptoms and their effects on mortality.
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Acronyms

CHD coronary heart disease

CES-D Center of Epidemiological Studies–Depression Scale

OARS The Older Americans Resource Study

BMI Body Mass Index

ADL Activities of Daily Living

IADL Instrumental Activities of Daily Living

SPMSQ Short Portable Mental Status Questionnaire

HR Hazard Ratio

RR Relative Risk
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Figure 1.
Kaplan-Meier Survival Curves for the three groups based on change pattern of CES-D scores:
“Stable” (the upper curve), “Down” (the middle curve) and “Up” (the lower curve). Reference
group for the Hazard Ratios (HR) is the “Stable” group. For the “Up” group, HR = 1.70, p < .
001. For the “Down” group, HR = 1.22, p > .10.
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Table 1

Descriptive statistics of demographic, health behavior, chronic illnesses, functional, and cognitive variables in
the sample at baseline.

Mean ± SD or % of Sample at Baseline

Mortality cases 614/879 (69.9%)

Age (year) at baseline 80.6 ± 4.8

Gender: Female 65.8%

Ethnicity: White 100%

Education (# years) 13.60 ± 2.55

Marital status: Married 45.5%

Marital status: Widowed 48.9%

Annual Income (Median) $25,000

Drinks alcohol regularly 22%

Smoking Cigarettes 5.3%

Exercise regularly 50.3%

Body Mass Index (BMI) 24.08 ± 3.80

History of Hypertension 34%

History of Coronary Heart Disease 27.5%

History of Diabetes Mellitus 7.8%

History of Cancer 8.8%

History of Stroke 4.6%

History of Hyperlipidemia 24.5%

Activity of Daily Living (ADL) 5.30 ± 1.50

Instrumental ADL (IADL) 3.78 ± 1.73

Cognitive impairment (moderate or marked) 3.3%

CES-D, Baseline 18.27 ± 5.50
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Table 2

Results of Cox regression using baseline variables to predict mortality at 15-year follow-up.

No. (%) of Deaths Median # Months of Survival Univariate HR (95% CI) Adjusted HR1 (95% CI)

Age (years)

 70 – 75 67 (51.1) 170.17 1.0 1.0

 76 – 80 240 (64.5) 134.90 1.44 (1.10–1.89) 1.41 (1.05 – 1.90)*

 81 – 85 210 (77.8) 100.07 2.17 (1.65–2.87) 2.03 (1.49 – 2.76)***

 ≥ 86 97 (91.5) 54.03 4.58 (3.34–6.27) 3.61 (2.51 – 5.19)***

Sex

 Women 378 (65.3) 127.70 1.0 1.0

 Men 236 (78.7) 101.77 1.45 (1.23–1.70) 2.00 (1.63–2.46)***

Education

 ≤ 12 years 256 (71.5) 113.03 1.0 1.0

 > 12 years 358 (68.7) 123.00 .92 (.78–1.08) .96 (.80 – 1.15)

Marital Status

 Married 264 (66.0) 123.47 1.0 1.0

 Widowed 315 (73.3) 111.73 1.24 (1.05–1.46) 1.29 (.80 – 2.06)

 Divorced/Separated 9 (56.3) 137.97 .79 (.41–1.53) .85 (.36 – 2.00)

 Never Married 26 (78.8) 122.30 1.24 (.83–1.85) 1.28 (.69 – 2.39)

Living Alone?

 Yes 345 (73.1) 112.67 1.0 1.0

 No 269 (66.1) 123.73 .82 (.70–.96) .98 (.62 – 1.56)

Annual Income

 ≤ $19,999 231 (73.3) 113.03 1.0 1.0

 $20,000 - $29,999 172 (69.9) 114.47 .91 (.74 – 1.10) .95 (.76 – 1.18)

 $30,000 - $39,999 82 (63.1) 129.77 .77 (.60 - .98) .74 (.57–.98)*

 ≥ $40,000 78 (63.9) 127.67 .78 (.60 – 1.01) .74 (.55–.99)*

Hypertension

 Absent 393 (67.4) 118.10 1.0 1.0

 Present 221 (74.7) 119.00 1.15 (.98–1.36) 1.24 (1.02 – 1.49)*

Coronary Heart Disease

 Absent 430 (67.5) 123.47 1.0 1.0

 Present 184 (76.0) 98.73 1.36 (1.14–1.61) 1.16 (.94 – 1.44)

Diabetes Mellitus

 Absent 553 (68.3) 122.30 1.0 1.0

 Present 61 (88.4) 70.33 2.00 (1.53–2.61) 1.41 (1.04 – 1.91)*

Cancer

 Absent 557 (69.5) 120.37 1.0 1.0

 Present 57 (74.0) 97.40 1.26 (.96–1.66) 1.33 (.98 – 1.80)

Stroke

 Absent 580 (69.1) 120.00 1.0 1.0

Psychosom Med. Author manuscript; available in PMC 2010 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 19

No. (%) of Deaths Median # Months of Survival Univariate HR (95% CI) Adjusted HR1 (95% CI)

 Present 34 (85.0) 82.37 1.64 (1.16–2.32) 1.30 (.87 – 1.95)

Hyperlipidemia

 Absent 479 (72.1) 114.57 1.0 1.0

 Present 135 (62.8) 127.70 .79 (.66–.96) .87 (.70 – 1.07)

BMI .96 (.94–.99) .97 (.95–.99)*

Smoking Cigarette

 No 556 (68.6) 120.53 1.0 1.0

 Yes 38 (84.4) 109.10 1.38 (.99–1.91) 1.35 (.93 – 1.96)

Drinking Alcohol

 None 259 (71.7) 105.00 1.0 1.0

 Occasional 207 (65.1) 127.67 .77 (.64–.93) .87 (.71 – 1.08)

 Regular 139 (72.8) 114.57 .90 (.74–1.11) 1.00 (.79 – 1.26)

Exercise 3 times a week?

 No 331 (76.6) 97.47 1.0 1.0

 Yes 274 (62.6) 137.97 .64 (.54–.75) .79 (.65–.96)*

Global self-rated health

 Excellent 118 (59.3) 146.17 1.0 1.0

 Good 326 (70.3) 120.17 1.38 (1.12–1.71) 1.30 (1.03 – 1.65)*

 Fair 129 (77.2) 90.33 1.93 (1.51–2.48) 1.58 (1.17 – 2.13)**

 Poor 38 (86.4) 49.73 3.28 (2.27–4.73) 1.85 (1.13 – 3.03)*

 Very Poor 3 (60.0) 32.00 1.66 (.53–5.22) .86 (.19 – 3.84)

Cognitive impairment

 None 481 (68.8) 122.17 1.0 1.0

 Mild 108 (71.5) 107.27 1.10 (.90–1.36) .97 (.77 – 1.23)

 Moderate 16 (84.2) 100.80 1.62 (.99–2.67) 1.16 (.64 – 2.11)

 Marked 9 (90.0) 36.17 2.56 (1.32–4.96) 3.06 (1.39 – 6.76)**

ADL 1.16 (1.11–1.21) .93 (.84 – 1.02)

IADL 1.11 (1.08–1.15) 1.10 (1.04 – 1.17)***

CES-D at Baseline 1.02 (1.01–1.03) .99 (.97 – 1.01)

1
 Note: From multivariate analysis. HR = Hazard Ratio. BMI = Body Mass Index. ADL = Activity of Daily Living. IADL = Instrumental Activity of

Daily Living.

*
 p < .05;

**
 p < .01;

***
 p < .001.
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Table 3

Results of Multivariate Joint Modeling of Repeated-Measures and Survival Data.

Predictor Estimate SE Adjusted HR 95% CI

CES-D Intercept 0.01 0.01 1.01 0.98 – 1.03

CES-D Slope 0.45 0.15 1.57 1.18 – 2.08**

Age (years)

 70 – 75 1.0

 76 – 80 0.29 0.14 1.33 1.01 – 1.76*

 81 – 85 0.63 0.15 1.87 1.40 – 2.50***

 ≥ 86 1.18 0.18 3.26 2.31 – 4.60***

Sex

 Women 1.0

 Men 0.64 0.10 1.89 1.54 – 2.31***

Coronary Heart Disease

 Absent 1.0

 Present 0.14 0.10 1.15 0.95 – 1.40

Diabetes Mellitus

 Absent 1.0

 Present 0.49 0.15 1.64 1.21 – 2.20**

Stroke

 Absent 1.0

 Present 0.16 0.19 1.17 0.81 – 1.69

Hyperlipidemia

 Absent 1.0

 Present -0.16 0.11 0.85 0.70 – 1.05

Living Alone?

 Yes 1.0

 No -0.29 0.09 0.75 0.62 – 0.90

BMI -0.03 0.01 0.97 0.95 – 0.99**

Smoking Cigarette

 No 1.0

 Yes 0.29 0.18 1.34 0.94 – 1.90

Drinking Alcohol

 None 1.0

 Occasional -0.11 0.10 0.89 0.73 – 1.09

 Regular 0.00 0.11 1.00 0.80 – 1.25

Exercise 3 times a week?

 No 1.0

 Yes -0.27 0.09 0.76 0.63 – 0.92**

Global self-rated health

 Excellent 1.0
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Predictor Estimate SE Adjusted HR 95% CI

 Good 0.25 0.12 1.28 1.02 – 1.61*

 Fair 0.37 0.15 1.45 1.08 – 1.94*

 Poor 0.56 0.24 1.75 1.09 – 2.80*

 Very Poor -0.30 0.79 0.74 0.16 – 3.48

Cognitive impairment

 None 1.0

 Mild -0.12 0.11 0.89 0.71 – 1.11

 Moderate 0.15 0.28 1.16 0.67 – 2.02

 Marked 0.93 0.41 2.52 1.12 – 5.66*

ADL 0.09 0.02 1.10 1.05 – 1.15***

IADL -0.05 0.05 0.95 0.85 – 1.03

*
 Note: p < .05;

**
 Note: p < .01;

***
 Note: p < .001.

BMI = Body Mass Index. ADL = Activity of Daily Living. IADL = Instrumental Activity of Daily Living. SE = Standard Error. HR = Hazard Ratio.
CI = Confidence Interval.
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Table 4

Results of 2-Stage Growth Curve and Survival Analysis, and Characteristics of Samples in the Three Groups.

Groups Stable
(N = 253)

Down
(N = 253)

Up
(N = 253)

Adjusted HR (95% CI) 1.0 1.22
(.95 – 1.56)

1.70***
(1.35 – 2.15)

Median # Months of Survival 150.93 127.27 102.43

CES-D Slope .42 ± .23a -1.06 ± 1.94a 2.32 ± 2.02a

No. (%) of Deaths 154 (60.9) 162 (64.0) 194 (76.7)

Age (years) at Death 89.52 ± 4.68 88.71 ± 5.04 88.23 ± 5.37*

Baseline Characteristics

 Age (years) at Baseline 79.49 ± 4.46 80.34 ± 4.57* 81.00 ± 4.42***

 % Women 62.1 64.4 70.8

 Baseline CES-D 16.87 ± 4.70 20.08 ± 5.84b 17.23 ± 4.95

 Chronic Illnesses

  Hypertension 34.4% 30.8% 35.6%

  Coronary Heart Disease 24.1% 26.9% 29.2%

  Diabetes Mellitus 6.3% 7.1% 9.5%

  Cancer 7.1% 8.7% 9.1%

  Stroke 1.6% 5.1% 5.1%

  Hyperlipidemia 28.9% 23.7% 23.3%

Note: 120 participants had only one assessment of CES-D, therefore no slope was computed.

a
 p < .001, all three groups were significantly different from each other.

b
 p < .001, compared to either “Stable” or “Up” groups in terms of baseline CES-D scores.

*
 p < .05, compared to “Stable” group;

**
 p < .01, compared to “Stable” group;

***
 p < .001, compared to “Stable” group.
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