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Michael Goodman

Background

Late-life depression has become an important public health
problem. Available evidence suggests that late-life depression is
associated with all-cause and cardiovascular mortality among
older adults living in the community, although the associations
have not been comprehensively reviewed and quantified.

Aim
To estimate the pooled association of late-life depression with

all-cause and cardiovascular mortality among community-
dwelling older adults.

Method

We conducted a systematic review and meta-analysis of pro-
spective cohort studies that examine the associations of late-life
depression with all-cause and cardiovascular mortality in com-
munity settings.

Results

Atotal of 61 prospective cohort studies from 53 cohorts with 198
589 participants were included in the systematic review and
meta-analysis. A total of 49 cohorts reported all-cause mortality
and 15 cohorts reported cardiovascular mortality. Late-life
depression was associated with increased risk of all-cause (risk
ratio 1.34; 95% CI 1.27, 1.42) and cardiovascular mortality (risk
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ratio 1.31; 95% CI 1.20, 1.43). There was heterogeneity in results
across studies and the magnitude of associations differed by
age, gender, study location, follow-up duration and methods
used to assess depression. The associations existed in different
subgroups by age, gender, regions of studies, follow-up periods
and assessment methods of late-life depression.

Conclusion

Late-life depression is associated with higher risk of both all-cause
and cardiovascular mortality among community-dwelling elderly

people. Future studies need to test the effectiveness of preventing
depression among older adults as a way of reducing mortality in
this population. Optimal treatment of late-life depression and its

impact on mortality require further investigation.
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Late-life depression

With the current trends of ageing in the worldwide population,
health problems associated with ageing have become an issue.
Depression among the elderly populations has become an import-
ant public health problem which is associated with increased mor-
bidity and risk of suicide; decreased physical, cognitive and social
functioning; and self-neglect."> A previous study has shown that,
compared with older people without depression, the total ambula-
tory costs are 43-52% higher and total ambulatory and in-patient
costs were 47-51% higher in older people with depression.” The
severity of depression among older adults is associated with poor
quality of life.* However, depression is largely undetected and
untreated among community-dwelling older adults in primary
care,” which suggests a particularly great burden of late-life depres-
sion in the community. Previous studies have shown that the preva-
lence of clinically significant depressive symptoms among
community-dwelling older adults range from approximately 8 to
16%.°

Late-life depression is considered a geriatric syndrome with
multiple aetiologies.” Compared with depression in younger
adults, late-life depression is associated with a higher prevalence
of somatic depressive symptoms (e.g. fatigue)' which may reflect
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poor physical condition. In particular, the proposed ‘vascular
depression hypothesis’ states that vascular disease may predispose,
precipitate or perpetuate depressive syndromes among older
adults.® This is supported by the evidence that vascular disease
and its risk factors are associated with lesions in white matter,
which is an established risk factor for late-life depression.” These
factors could contribute to a poor prognosis, even death, which
includes all-cause and cardiovascular mortality. A number of
studies have examined the associations between late-life depression
and risk of mortality, but they used a variety of definitions for late-
life depression and populations that were heterogeneous in terms of
region, age and gender.

Late-life depression and mortality

A previous systematic review in 2001 demonstrated that diag-
nosed depression in community-resident older people is asso-
ciated with increased mortality, with an odds ratio of 1.73 (95%
CI 1.53, 1.95)."° However, the literature is now far more up to
date after almost 20 years. We therefore aimed to conduct an
updated systematic review and meta-analysis to summarise the
existing evidence of the association between late-life depression
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and all-cause mortality in older adults living in the community.
We hypothesised that late-life depression is associated with
higher risk of both all-cause and cardiovascular mortality, and
therefore also conducted a meta-analysis of late-life depression
with all-cause and cardiovascular mortality in community-dwell-
ing older adults.

Method

Literature selection

We followed MOOSE (Meta-analysis Of Observational Studies in
Epidemiology) guidelines to conduct our systematic review and
meta-analysis.'' We included original studies with full text that
were: (a) published in peer-reviewed journals from January 1966
to February 2018; (b) used prospective cohort studies; (c) included
community-dwelling participants >60 years; (d) ascertained
depression according to a physician diagnosis, use of antidepres-
sant or based on a specified cut-off of a standardised depressive
symptoms scale; (e) examined all-cause and/or cardiovascular
mortality; and (f) followed participants for at least 1 year. We
excluded studies with participants identified in clinical settings
or with specific comorbidities, studies that assessed depression
together with other mental disorders and studies that only
reported depressive symptoms as a continuous variable without
a clinical cut-off point. If there were multiple studies based on
the same cohort, we retained the study with longest follow-up dur-
ation for the main analysis and the other studies may be used for
subgroup/sensitivity analysis.

We systematically searched PubMed, Embase, Web of Science
and PsycINFO for prospective cohort studies on the association of
late-life depression with all-cause and cardiovascular mortality.
Search terms included ‘depression’, ‘depressive’, ‘mortality’,
‘deatl’, ‘survival’ and ‘ate life’ (Supplementary Appendix available
at https:/doi.org/10.1192/bjp.2019.74). The electronic search was
supplemented by examination of secondary references of previously
published original articles and review papers. The search was
limited to articles written in English.

Study selection was conducted in two steps. First, titles and
abstracts of studies identified in the literature search were independ-
ently reviewed by three investigators (J.W., R H. and X.Z.). Second,
the full texts of studies that remained after the first step were
reviewed by the same three investigators and disagreements were
again reconciled (J.W., RH. and X.Z.). Data from studies that met
inclusion criteria were then extracted and tabulated by the same
three investigators and disagreements were reconciled.
Information obtained from each study included effect size and the
corresponding measure of statistical dispersion, e.g. a 95% confi-
dence interval, region, sample size, age of participants, percentage
females, follow-up length, assessment of depression, effect sizes
and covariates included in the analysis.

Quality assessment of individual studies

Each study included in the review underwent a formal quality
assessment using the Newcastle-Ottawa Scale.'> The Newcastle—
Ottawa Scale evaluates quality of cohort studies in three
domains: selection of exposed and non-exposed cohorts (represen-
tativeness of the exposed cohort, selection of the non-exposed
cohort, ascertainment of exposure and demonstration of absence
of outcome at the beginning of studies), comparability of
exposed and non-exposed cohorts (analysis appropriately adjusted
for potential confounding factors, such as medications, history of
other chronic diseases and lifestyle factors) and outcome ascer-
tainment (adequacy of outcome assessment, length of follow-up
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and adequacy of follow-up). A study was awarded a maximum
of one point for each variable within each assessment domain
(selection, comparability and outcome) for a possible maximum
total score of nine. The quality assessment was conducted inde-
pendently by three reviewers (JW., RH. and X.Z.) and the
results were reconciled by a consensus.

Statistical analysis

Risk ratios or similar estimates were obtained along with 95% con-
fidence intervals for each eligible study. If available, the results of
fully adjusted models were used. If effect sizes were not reported,
risk ratios were calculated using the data reported in the articles.
Other effect measures (odds ratios, incidence rate ratios, hazards
ratios) were considered equivalent to risk ratios."> The pooled risk
ratios across studies were calculated using generic inverse variance
weighting in random-effects meta-analysis models.'*'> We consid-
ered a pooled risk ratio to be statistically significant if its 95% con-
fidence interval did not contain one. Heterogeneity among studies
was assessed with x*-test and the I* statistic, with a significant het-
erogeneity defined as I* > 50%. Forest plots were created to illustrate
individual and pooled risk estimates. Subgroup analyses were con-
ducted according to study characteristics, including regions of
studies (USA, Europe, Asia, Australia), mean age of participants
(>75 years or not), percentage of female participants (>50% or
not), assessment of depression (measured with standardised
scales/physician diagnosis or use of antidepressants) and time of
study published (before or after 2001). Funnel plots were created
to examine potential publication bias. If evidence of publication
bias existed, a sensitivity analysis was conducted after excluding
all outlying studies in a ‘trim-and-fil’ manner, which uses simple
rank-based data augmentation techniques to estimate the number
of studies missing from a meta-analysis due to the suppression of
the most extreme results on one side of the funnel plot.'®
Sensitivity analysis was conducted on studies that scored eight or
above for quality assessment, as well as on those that examined
the associations between late-onset depression with all-cause mor-
tality and cardiovascular mortality. All analyses were conducted
using Stata 14 for Windows (Stata Corp, College Station, USA).

Results

Qualitative analysis

The database search yielded 12 374 citations (Fig. 1). An additional
26 studies were identified from the bibliography of relevant reports
and reviews. After eliminating duplicates, 7824 publications
remained. Of these, 7533 papers were excluded because they
described studies that were irrelevant, did not use prospective
cohort design or they focused on participants younger than 60
years. The 291 remaining reports were retrieved and examined in
detail. Of these, 230 were ultimately excluded for not meeting
other inclusion criteria. A total of 61 publications presenting data
on 53 separate cohorts met the eligibility criteria and were included
in the systematic review and meta-analysis.

Among the 53 cohorts, there were 17 from the USA, 21 from
Europe (France, Finland, Greece, Italy, Netherlands, UK, Sweden,
Norway, Spain and Germany), 8 from Asia (China [Hong Kong,
Taiwan], Japan, South Korea and Singapore), 5 from Australia,
1 from Brazil and 1 from Canada. The pooled sample included
198 589 participants with range of 281-62 839 per study. The
main characteristics of the studies included in the meta-analysis
are summarised in Supplemental Table 1. The minimum age of
included participants ranged from 60 to 85 years. The proportion
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12 374 articles from 4 databases:
— 2333 from PubMed

— 5651 from Web of Science

— 2763 from Embase

— 1627 from PsycINFO

26 articles from other sources

A

A 4

4576 duplicates excluded

7824 abstracts reviewed

7533 excluded:
— Not relevant to topic (n =7361)
— Not cohort design (n = 45)

A A

— Case report or review article (n=82)
- Did not use a standardised
measurement for depression (n = 45)

291 full-text articles reviewed

230 excluded:
— Not using validated cut-offs for
depression (n=47)

A4

A4

— Participants identified in clinical
setting or by specific diseases (n=151)
- Including subjects <60 years (n=32)

61 studies included in
qualitative synthesis

A A

61 studies included in
meta-analysis

Fig. 1 Flow chart showing the selection of study reports for the meta-analysis.

of women ranged from 0 to 100%. The follow-up period ranged
from 4 to 15 years. The prevalence of depression ranged from
2.7 to 54.6%, although three studies reported no prevalence
estimates.

Ten studies relied on the DSM-III (1980) or DSM-IV (1994) cri-
teria, four studies used Automated Geriatric Examination for
Computer Assisted Taxonomy (AGECAT) and one study used
Geriatric Mental State Examination. A total of 38 studies employed
standardised scales for depressive symptoms, including Center for
Epidemiologic Studies Depression Scale (CES-D) of 8, 10 and 20
items; Zung Self-Rating Depression Scale and the 15- or 30-item
Geriatric Depression Scale (GDS). As shown in Supplemental
Table 1, the cut-offs for defining depression differed across scale-
based studies. In the 53 included cohorts, 49 reported all-cause mor-
tality and 15 reported cardiovascular mortality. All-cause mortality
in the included studies was defined in at least one of the following
sources: medical records, registry records, death certificate, obituar-
ies and interview with relatives. Mortality from cardiovascular
disease was ascertained from medical records, death certificates,
ICD codes, obituaries or interviews with relatives and contacts.
Time-to-event analysis was applied in 19 out of the 53 cohorts.
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Quantitative analysis

The meta-analysis of the 49 cohort studies indicated that there was a
significantly higher risk of all-cause mortality among older adults
with depression (risk ratio 1.34; 95% CI 1.27, 1.42; Fig. 2a) com-
pared with people of the same age but without evidence of depres-
sion. The corresponding meta-analysis of 15 studies reporting
cardiovascular mortality produced a similar result (risk ratio 1.31;
95% CI 1.20, 1.43; Fig. 2b). There was significant heterogeneity
across studies with I* estimates of 54.4% for all-cause mortality ana-
lyses and 75.9% for analyses of cardiovascular mortality.

Late-life depression is associated with all-cause mortality among
different subgroups. Among the different regions, the pooled risk
ratio was largest in Australia and smallest in North America.
Furthermore, the pooled risk ratio is larger among studies with an
average age >75 years, studies with at least 50% male participants,
studies assessing depression with physician diagnosis and studies
published before 2001; however the results were similar for
studies with follow-up time <5 years and those with follow-up
time >5 years. Heterogeneity across studies was observed in
studies conducted in Asia and Australia, studies with mean age
>75 years, studies with majority of either male or female, studies
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Fig. 2 Pooled association between late-life depression and risk of (a) all-cause mortality and (b) cardiovascular mortality.

EPESE, Established Population for the Epidemiological Study of the Elderly; ES, effect size; PROSPECT, Prevention of Suicide in Primary Care Elderly: Collaborative Trial; MELSHA,
Melbourne Longitudinal Studies on Health Ageing.
References for this figure can be found in the supplementary material.
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All-cause mortality

Subgroup meta-analysis of the associations between late-life depression and risk of all-cause mortality and cardiovascular mortality (pooled risk

Cardiovascular mortality

Table 1
ratios and 95% confidence intervals)
Number of Risk
studies ratio
Regions
North America 15 1.22
Europe 20 1.38
Asia 8 1.32
Australia 5 1.56
Mean age
>75 years 21 1.42
<75 years 24 1.32
Gender?
Male 10 1.43
Female 1M 1.31
Follow-up time
<5 years 16 1.34
>5 years 33 1.34
Assessment of depression®
Diagnosis/interview 15 1.44
DSM-III 6 1.41
DSM-IV 3 1.88
AGECAT 3 1.45
Standardised scale 34 1.32
Geriatric Depression Scale 13 1.38
Center for Epidemiologic Studies Depression 17 1.26
Scale
Year of publication
Before 2001 17 1.38
After 2001 32 1.33
Bold terms indicate 95% Cls that do not include 1, and P-values for /? < 0.05. AGECAT, Automated Geriatric Examination for Computer Assisted Taxonomy.
b. Three cohorts used both physician d\’agnosw’s and standardised scales for assessment of depression.

a. Eleven cohorts reported late-life depression and all-cause mortality by gender; two cohorts reported late-life depression and cardiovascular mortality by gender.

Number of Risk
95% Cl % (%) studies ratio 95% Cl 1 (%)
1.15-1.30 0 7 1.35 1.18-1.55 63.6
1.26-1.50 444 5 1.27  1.10-1.47 825
1.16-1.50 60.5 3 1.46 0.89-240  66.5
1.19-2.04 77.6 - - - -
1.27-1.57  65.1 4 140  1.08-1.83 68.3
1.24-1.39 177 10 1.28  1.16-1.42 78.8
1.27-1.61 57.3 5 1.64 0.86-3.14  88.2
1.23-1.39 53.1 13 124  1.14-1.35 69.6
1.22-1.48 324 1.85  1.42-2.41 156
1.25-1.43  61.9 11 124  1.14-1.35 74.0
1.25-1.65 486 1 2.10 1.07-4.11 -
1.19-1.68 103 - - - -
1.37-257 0 - - - -
0.87-2.40  83.7 - - - -
1.24-1.40 57.3 14 1.29  1.18-1.41 76.2
1.23-1.56 74.9 5 1.56 1.10-2.22 82.0
1.18-1.35 238 7 133  1.17-1.51 58.6
1.26-1.51 259 3 168 1.33-213 0
1.24-1.42  61.6 12 1.26 1.15-1.38 73.5

with follow-up period >5 years, studies that assessed depression
using a standardised scale (particularly those using GDS) and
studies published after 2001. For late-life depression and cardio-
vascular mortality, the associations were significant among
studies in North America and Europe, but not in Asia, and the
pooled risk ratio was larger for studies in Europe. Risk ratio was
statistically significant among studies that were majority female
but not among those that were majority male. Risk ratios were
larger among studies with an average age >75 years, studies
with follow-up time <5 years, studies assessing depression with
physician diagnosis and studies published before 2001.
Heterogeneity across studies was observed in studies conducted
in North America, Europe and Asia; studies with mean age >75
years and <75 years; studies with a majority of either male or
female; studies with follow-up period >5 years; studies that
assessed depression using standardised scales and studies pub-
lished after 2001 (Table 1).

The funnel plots suggested that the results from some cohorts
appeared asymmetric for the associations of late-life depression with
all-cause mortality (Supplemental Figure 1A) and cardiovascular

mortality (Supplemental Figure 1B). After excluding cohorts
outside the range, the trim-and-fill analysis showed significant
pooled association of late-life depression with all-cause mortality
(risk ratio 1.22; 95% CI 1.15, 1.30) and cardiovascular mortality
(risk ratio 1.11; 95% CI 1.01, 1.22).

The quality of the methodology of the 62 studies included in the
meta-analysis, as scored with the Newcastle-Ottawa Scale, is pre-
sented in Supplemental Table 2. The average total score was 7.2
out of a maximum score of 9 (range 5-9), indicating that the
quality was good overall. The sensitivity analysis based on studies
with a total score of eight or above showed consistent associations
between late-life depression and all-cause mortality (risk ratio
1.44; 95% CI 1.30, 1.60) and cardiovascular mortality (risk ratio
1.42; 95% CI 1.16, 1.75), and heterogeneity across studies was
present for both outcomes (Table 2).

In addition, sensitivity analysis indicated that late-onset depres-
sion was associated with both all-cause (risk ratio 1.51;95% CI 1.15,
1.97) and cardiovascular mortality (risk ratio 1.40; 95% CI 1.01,
1.94) among studies that specifically identified late-onset depression
(Table 2).

Table 2 Sensitivity meta-analysis of the associations between late-life depression and risk of all-cause mortality and cardiovascular mortality (pooled

risk ratios and 95% confidence intervals)

All-cause mortality Cardiovascular mortality
Number of studies  Risk ratio ~ 95% Cl (%)  Number of studies  Riskratio  95% Cl 1 (%)
Quality score
Newcastle-Ottawa Scale score >8 15 1.44 1.30-1.60 60.4 5 1.42 1.16-1.75 77.9
Onset of depression
Late-onset depression 4 1.51 1.15-1.97 57.8 2 1.40 1.01-1.94 0
Bold terms indicate 95% Cls that do not include 1, and P-values for ?<0.05.
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Discussion

The present systematic review and meta-analysis of prospective
cohort studies suggests that late-life depression is associated with
34 and 31% higher risk of all-cause mortality and cardiovascular
mortality, respectively; although the observed associations in our
study were subject to considerable heterogeneity across studies.

Only one previous systematic review published in 2001 sum-
marised the association between late-life depression and all-cause
mortality among community-dwelling old adults.'” Similar to our
study, the systematic review included studies with participants
>60 years of age from community samples. However, the systematic
review also included studies measuring specific depressive symp-
toms, in addition to overall depressive symptoms measured using
scales and diagnostic methods. Our results are consistent with this
previous systematic review: diagnosed depression in community-
resident older people is associated with increased all-cause mortality
and longer follow-up predicted smaller effect sizes. However, this
systematic review only quantified the associations based on clinic-
ally diagnosed depression, and the definition of depression in the
systematic review did not include cut-off points based on estab-
lished depression scales. In addition, many studies on the associa-
tions between late-life depression and all-cause and cardiovascular
mortality were published after 2001. To the best of our knowledge,
our systematic review and meta-analysis is the latest and most com-
prehensive study to summarise existing literature on the prospective
association of late-life depression with all-cause mortality, as well as
the first meta-analysis on late-life depression and cardiovascular
mortality among older adults living in the community.

From our analysis, the heterogeneity across studies may be
caused by regions of studies, age and gender of study participants,
length of follow-up and assessment of late-life depression. It is
worth noting that studies published after — but not before — 2001
showed heterogeneity. This may be because more studies were con-
ducted outside of North America and Europe in this time period,
using more novel and diverse assessment tools for depression.
The number of studies published after 2001 was much larger,
which also increases the possibility of heterogeneity. In addition,
the newly published studies may be subject to heterogeneity by
involving more stratified analysis and various adjustment factors.
Despite the heterogeneity, the associations are statistically signifi-
cant across most subgroups with similar effect sizes and the trim-
and-fill analysis also yielded significant results, which suggests
that our results were valid and reliable.

Another potentially important factor that may be related to het-
erogeneity is the onset of depression, which is not identified in most
studies. Previous studies have shown that late-onset depression
(with the first episode of depression occurring during late life) has a
distinctive aetiology compared with early-onset depression (with the
first episode of depression occurring before late life), and that late-
onset depression is highly correlated to vascular pathology.'”
Compared with older adults with early-onset depression and age-
matched controls, those with late-onset depression show more
severe structural brain abnormalities and cerebrovascular pathology,'”
which is consistent with the vascular depression hypothesis. Vascular
depression may manifest as areas of white matter hyperintensity on
the magnetic resonance imaging studies and/or present as executive
dystunction; both these clinical manifestations are, in turn, associated
with risk factors for cardiovascular disease and cardiovascular mortal-
ity."®!” Therefore, late-onset depression may predict a higher risk of
mortality, particularly cardiovascular mortality. This is consistent
with our sensitivity analysis on late-onset depression, which showed
larger effect sizes than those in general, although very few studies
included in our analysis specifically examined late-onset
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depression.”>*' This calls for future studies to compare early-onset
with late-onset depression for prediction of mortality, which could
help improve prevention and treatment of different subtypes of
depression as well as prevention of all-cause and cardiovascular
mortality.

In addition to vascular depression, other mechanisms which are
not fully understood may be involved in the association between
late-life depression and mortality. It is plausible that depression
may lead to death through unhealthy behaviours.”> Depression
may lead to poor health risk-related behaviours (e.g. tobacco use,
alcohol use, binge drinking, physical inactivity, poor eating
habits), which may further lead to worsened health conditions.”
Older adults with depression are likely to have poor adherence to
prescribed treatment,”* which may worsen the health conditions
and increase the risk of death. The risk may be particularly higher
among community-dwelling older adults who live independently
without access to special care. In addition, depression may result
in higher risk of comorbidities through delayed immune responses
and the triggering of pro-inflammatory responses, which in turn
may influence mortality from various causes.*>>*

The results of our study may have clinical and public health
implications. Given the high prevalence of late-life depression and
its association with mortality, interventions aimed at prevention
of depression among older adults should also help with reducing
mortality. A number of risk factors for late-life depression have
been identified, including disease precursors such as cardiovascular
disease, obesity, cerebral infarction; social factors such as loneliness
and reduced independence; and certain psychological problems
such as bereavement and certain personality traits.?”*® Moreover,
unfavourable lifestyle choices such as smoking, physical inactivity,
heavy or binge drinking have been found to be prevalent among
older adults with depression.”” Literature has shown that targeting
older adults with these risk factors may be effective in preventing
depression.”® Studies have also shown that the total number of
points on a depression scale such as GDS-15, even without a depres-
sion diagnosis, may be associated with higher mortality.”'~* This
suggests that each increment of depressive symptoms is associated
with increased risk of mortality, without a clear threshold.

Taken together, these data underscore that prevention and timely
treatment of depression may play an important role in maintaining
optimal health and reducing mortality in older patients. Studies
have shown that managed depression care in primary practice
reduces mortality in older adults with major depression.>>*
Pharmacotherapy for late-life depression may be effective; however,
antidepressant use in this population may present its own set of chal-
lenges.”® For example, antidepressants may negatively affect health by
disrupting adaptive processes, such as in the immune system.”” In add-
ition, among different subtypes of late-life depression, vascular depres-
sion is resistant to antidepressant treatment.’® For all of the above
reasons, proper management of mental health in the elderly should
also consider a variety of psychotherapeutic approaches. These may
include problem-solving, cognitive and interpersonal psychotherapy,
all of which may be helpful in managing late-life depression among
older people who are resistant to antidepressant medications.™

The strengths of this study involve the large number of included
studies and the ability to explore sources of heterogeneity. On the
other hand, the limitation of the available literature and conse-
quently of this review is the relative paucity of studies that used phys-
ician diagnoses to assess depression. Although standardised scales of
depressive symptoms are validated and have been used in population
studies, there appears to be discordance between diagnosis-based
and scale-based results, especially with respect to cardiovascular
mortality. Moreover, even among the studies that defined depression
based on standardised scales, the cut-off points varied. This calls for a
standardised way of categorising depression.
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