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ABSTRACT
Objective: Depression has been associated with increased mortality rates, and modifying mecha-
nisms have not yet been elucidated. We examined whether specific subtypes or characteristics of
late-life depression predict mortality.
Methods: A cohort study including 378 depressed older patients according to DSM-IV criteria and
132 never depressed comparisons. The predictive value of depression subtypes and characteristics
on the six-year mortality rate, as well as their interaction with somatic disease burden and anti-
depressant drug use, were studied by Cox proportional hazard analysis adjusted for demographic
and lifestyle characteristics.
Results: Depressed persons had a higher mortality risk than non-depressed comparisons (HR ¼
2.95 [95% CI: 1.41–6.16], p ¼ .004), which lost significance after adjustment for age, sex, education,
smoking, alcohol, physical activity, number of prescribed medications and somatic comorbidity.
Regarding depression subtypes and characteristics, only minor depression was associated with a
higher mortality risk when adjusted for confounders (HR ¼ 6.59 [95% CI: 1.79–24.2], p ¼ .005).
Conclusions: Increased mortality rates of depressed older persons seem best explained by
unhealthy lifestyle characteristics and multiple drug prescriptions. The high mortality rate in minor
depression, independent of these factors, might point to another, yet unknown, pathway towards
mortality for this depression subtype. An explanation might be that minor depression in later life
reflects depressive symptoms due to underlying aging-related processes, such as inflammation-
based sickness behavior, frailty, and mild cognitive impairment, which have all been associated
with increased mortality.
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Introduction

Psychiatric disorders are associated with increased mortal-
ity rates (Cuijpers & Smit, 2002; Saz & Dewey, 2001;
Walker, McGee, & Druss, 2015). Only a small proportion of
this excess mortality can be explained by unnatural
deaths, like suicide or accidents. A much larger part is
due to an increased somatic disease burden and/or
adverse drug effects as well as an unhealthy lifestyle,
unfavorable social health determinants, and less access to
health care (Walker et al., 2015). Meta-analyses of studies
including subjects of all ages have confirmed the associ-
ation between depressive disorder and increased mortal-
ity rates (Cuijpers et al., 2013; Miloyan & Fried, 2017).
Nonetheless, causal evidence is still limited as a dose-
response relationship between severity of depressive
symptoms and mortality could not be demonstrated
(Cuijpers et al., 2013), the quality of the evidence underly-
ing this association is generally low (Miloyan & Fried,
2017), and the role of modifying factors needs further
elucidation (Miloyan & Fried, 2017). Whereas these meta-
analyses have included subjects of all ages, recent meta-
analysis showed that late-life depression was associated
with a more than 30% increased risk of all-cause as well
as cardiovascular mortality (Wei et al., 2019). Moreover, in

older populations, more severe depression has been
found to be associated with higher mortality rates
(Scafato et al., 2012; Schoevers et al., 2009).

While depression is known to be a heterogeneous dis-
order (de Vos, Wardenaar, Bos, Wit, & De Jonge, 2015), it
has only infrequently been studied whether specific sub-
types or characteristics of depression are differentially
related to mortality.

The mortality rate neither differed between patients
with a subthreshold or major depressive disorder (MDD) in
a recent population-based study, nor was it associated with
age of onset or presence of atypical features (Lasserre
et al., 2016). This latter finding is remarkable, since the
atypical subtype of depression has been shown to have
the least favorable somatic outcomes (Lasserre et al., 2017),
and has also been associated with an increased incidence
of the metabolic syndrome (Lamers, Beekman, Van Hemert,
Schoevers, & Penninx, 2016). However, these latter studies
were performed in younger age groups (up to 66 years)
only, with low mortality risk. It can, therefore, not be ruled
out that atypical depression is related to mortality among
depressed older patients, specifically.

A similar reasoning holds true for the influence of age
of onset of the depressive disorder on mortality risk, as
later onset has been found to be associated with a higher
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family load for vascular disease (Kendler, Fiske, Gardner, &
Gatz, 2009). Even among middle-aged patients, a later
onset of depression is associated with more systemic ath-
erosclerosis (Seldenrijk et al., 2011). Therefore, in older
depressed patients, one may expect the highest mortality
risk among patients with a later age of onset.

More in general, depression and somatic disorders have
been shown to be closely related. For example, it has been
consistently demonstrated that depression is associated
with an increased incidence of a multitude of somatic dis-
orders (Penninx, Milaneschi, Lamers, & Vogelzangs, 2013),
which all might contribute to a higher mortality risk. In
specific groups, such as patients with diabetes mellitus
type II (Van Dooren et al., 2013), stroke (Pan, Sun, Okereke,
Rexrode, & Hu, 2011), and myocardial infarction (Meijer
et al., 2013), it has indeed been shown that depression
increases mortality risk. On the other hand, somatic disor-
ders have also been found to increase the risk of late-life
depression (Andreoulakis, Hyphantis, Kandylis, & Iacovides,
2012; Hegeman et al., 2017). It may therefore be expected
that mortality risk is significantly raised if both a depression
and somatic disorder are present. Furthermore, use of anti-
depressant medication might affect mortality risk in two
opposing directions. On the one hand, it might reduce
the duration of exposure to the negative lifestyle and
somatic consequences of having a depression, and
thus decrease mortality. On the other hand, particularly
among older persons, antidepressant use might negatively
affect survival due to side effect, such as increased risk of
falling (Almeida, Alfonso, Hankey, & Flicker, 2010; Ryan
et al., 2008).

Aims of the study

The first objective is to examine whether specific subtypes
and characteristics of late-life depression predict mortality.
We hypothesize atypical depression and late-onset depres-
sion to be associated with a higher mortality risk. The
second objective is to examine whether the impact of
depression (subtypes) on mortality risk is amplified by the
presence of somatic comorbidity or antidepressant drug
use. We hypothesize that somatic comorbidity is associated
with increased mortality rates, and that the joint effect of
somatic morbidity and depression on mortality is larger
than their individual effects. In addition, we expect that the
use of (specific) antidepressants will contribute to the
excess mortality risk due to late-life depression.

Materials and methods

Sample

The present study was embedded within the Netherlands
Study of Depression in Older persons (NESDO) (Comijs
et al., 2011, 2015; Jeuring et al., 2018). Briefly, NESDO is a
prospective cohort study to examine the determinants,
course and consequences of depression in older persons.
Between 2007 and 2010, a total of 378 depressed patients
were recruited from both mental health institutions and
general practices, and 132 non-depressed comparisons
were recruited from general practices. Participants were
aged 60 to 93. Depressed patients had a diagnosis of MDD

(95.0%; n¼ 359) and/or dysthymia (26.5%; n¼ 100) in the
previous six months, or minor depression (5.3%; n¼ 20) in
the last month, according to the Diagnostic and Statistical
Manual of Mental Disorders (American Psychiatric
Association, 2000). The non-depressed comparison group
had no lifetime diagnosis of depression. Subjects with a
(suspected) diagnosis of dementia, a severe primary psych-
otic or neurodegenerative disorder, a Mini-Mental State
Examination (MMSE; Folstein, Folstein, & McHugh, 1975)
score <18/30 or insufficient command of the Dutch lan-
guage were excluded.

At baseline, data were gathered about mental health
outcomes, demographic characteristics and psychosocial,
biological, cognitive and genetic determinants. Follow-up
assessments by means of a face-to-face interview were per-
formed two years and six years after baseline using the
same measurements as at baseline (Comijs et al., 2015;
Jeuring et al., 2018). Additionally, postal assessments were
performed every six months. Interviews were conducted by
trained research assistants and audiotaped regularly to con-
trol for quality. The ethical review boards of the participat-
ing centers approved the study. All participants provided
informed consent.

Mortality

Mortality was recorded at six-month time intervals over the
six-year follow-up period. In case the postal questionnaire
was not returned, the participant or contact person was
contacted, to inquire about reasons for attrition, includ-
ing death.

Depression subtypes

Depressive disorders were assessed with the Composite
International Diagnostic Interview (CIDI; WHO version 2.1,
lifetime version), and classified as MDD or dysthymia,
according to the DSM-IV classification. Additional questions
were added to diagnose current minor depression accord-
ing to the research criteria of the DSM-IV-TR (Comijs
et al., 2011).

The 30-item self-report Inventory of Depressive
Symptoms (IDS-SR; Rush, Gullion, Basco, Jarrett, & Trivedi,
1996) was used to classify depressive disorders as atypical,
melancholic or non-specified depression. In accordance
with DSM-IV criteria, and following the algorithm of Novick
et al. (2005), atypical depression was defined as a positive
answer to the IDS-item on mood reactivity, and the pres-
ence of two or more positive responses to the IDS-items
on hyperphagia, hypersomnia, leaden paralysis and inter-
personal rejection sensitivity. Similarly, the algorithm of
Khan et al. (2006) was used to define melancholic depres-
sion as a negative answer to the IDS-SR questions on
mood reactivity and loss of pleasure and the presence of
three or more positive responses to the IDS-SR items on
distinct mood quality, mood worse in the morning,
early morning awakening, psychomotor retardation or agi-
tation, anorexia/weight loss, and guilt feelings. This defin-
ition is comparable to the DSM-IV criteria for melancholic
depression. Patients not classifying for either atypical or
melancholic depression were classified as having a non-
specified depression.
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Finally, depressive disorder was subtyped according to
the age of onset. As previously done in other NESDO stud-
ies (Rozing et al., 2019; Wielaard, Hoyer, Rhebergen, Stek, &
Comijs, 2018), early-onset depression was defined as having
had the first depressive episode before the age of 60 years,
late-onset depression when at or after the age of 60 years.

Depression characteristics

Severity of depression was based on the IDS-SR sum score
(range: 0–84). Higher scores indicate more severe depres-
sion. Dimensions of depressive symptoms were measured
by the scores on the mood, motivational and somatic sub-
scales of the IDS-SR, as previously defined among older
persons (Hegeman, Wardenaar, et al., 2012). Finally, we
studied age of onset as a continuous dimension of the
depressive disorder.

Somatic burden of disease

Participants were asked about current or past cardiac dis-
ease, peripheral atherosclerosis, stroke, diabetes mellitus,
COPD, arthritis, cancer, or any other chronic somatic dis-
ease, based on previously validated self-report questions
and algorithms (Kriegsman, Penninx, Van Eijk, Boeke, &
Deeg, 1996). The total number of chronic somatic diseases
was used as a measure for the somatic disease burden.

Somatic diseases were also clustered into cardiovascular
diseases (heart diseases and stroke), pulmonary diseases,
musculoskeletal diseases (rheumatoid diseases and osteo-
arthritis), digestive diseases (inflammatory bowel diseases,
liver disease, diverticulitis), and cancer.

We considered the total number of medications as a
proxy measure for the somatic disease burden. At the inter-
views, names, dosages, and frequencies of use were regis-
tered for all drugs participants were using. To calculate the
number of medications, all drugs with a unique Anatomical
Therapeutic Chemical (ATC) classification system code at a
three-digit level were counted. Dermatological prepara-
tions, medications without an ATC code, medications used
less than half of the week (except drugs for which non-
daily use is common, i.e. bisphosphonates, methotrexate),
and for use ‘if necessary’ were excluded.

Antidepressants were clustered into tricyclic antidepres-
sants (TCA), selective serotonin reuptake inhibitors (SSRI)
and other antidepressants.

Covariates

Socio-demographic factors (gender, age, education level)
and lifestyle factors were a priori considered as covariates,
based on their association with depression and potential
effect on mortality.

Smoking status (current smoker yes/no) was assessed in
the interviews. Units of alcohol use per day were based on
the first two questions of the Alcohol Use Disorder
Identification Test (AUDIT; Babor, Kranzler, & Lauerman,
1989). Physical activity was assessed with the short-form of
the International Physical Activity Questionnaire (IPAQ;
Craig et al., 2003), and classified as low, moderate, or high
based on a combination of Metabolic Equivalent of Task
(MET)-minutes per week (i.e. ratio of energy expenditure

during activity compared to rest multiplied with the num-
ber of minutes performing the activity) and type and dur-
ation of activities.

Statistical analysis

Baseline characteristics of depressed and non-depressed
participants were compared using t-tests (or nonparametric
Mann–Whitney U tests if clearly non-normally distributed)
for continuous variables, and chi-square tests or Fisher’s
exact tests for categorical variables.

Subsequently, Cox proportional hazard analyses were
performed to calculate univariate and multivariate hazard
ratios for mortality for each of the depression subtypes
(including the different disorders). These analyses were per-
formed in the combined sample of non-depressed partici-
pants and those having the specific depression subtype,
but excluding the depressed patients not meeting the cri-
teria for the subtype under study. This enabled us to estab-
lish the increased mortality risk for that depression subtype
compared to the non-depressed controls. In the models
examining depression characteristics, we restricted our
sample to the depressed participants only, as these charac-
teristics are only relevant in case of the presence of a
depression. The observation period for mortality was cen-
sored at the end of the six-year follow-up, or earlier in case
of study dropout for other reasons than death. The
assumption of proportionality of hazard over the follow-up
period was checked by visual inspection of the survival
curves for participants with or without a depressive dis-
order. To examine the impact of the different covariates on
mortality, we studied the degree to which they con-
founded the relationship between the presence of a
depressive disorder (major, minor and dysthymic com-
bined) and mortality. This was done by examining the per-
centage of change in the regression parameter for
depressive disorder from the univariate (unadjusted) model,
only including depression status as predictor, to the bivari-
ate (adjusted) model which additionally included the cova-
riate. As a rule of thumb, we will take a change of 10% or
more in the regression parameter to indicate substantial
confounding. Finally, in a multivariate analysis, all covari-
ates were entered simultaneously. Multicollinearity was
checked by a minimum level of tolerance of 0.20 for all
independent variables in the model.

To examine modifying effects of somatic disease on the
impact of depression on mortality, we tested for interac-
tions of depressive disorder with either somatic disease
burden, individual somatic diseases, disease clusters, or
number of medications, in the combined sample of all
depressed and non-depressed participants. Whether anti-
depressant use has a modifying effect on mortality was
subsequently examined by testing for main effects of either
antidepressant use as such, or for TCA’s, SSRI’s or other
antidepressants specifically, in the group of depressed
participants only. All above tests for modifying effects were
performed both with and without control for all covariates,
and the tests for antidepressant use were additionally
controlled for number of medications other than
antidepressants.

Analyses were performed using IBM SPSS statistics, ver-
sion 24.
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Results

Mortality rate of depressed patients

During the six-year follow-up, 62 of 378 depressed patients
(16.4%) and 8 of 132 comparisons (6.1%) died (v2 ¼ 8.84,
df¼ 1, p ¼ .003).

There was no drop-out with unknown mortality status.
Baseline characteristics of the depressed patients and non-
depressed comparisons were presented in Table 1.

Compared to comparisons, depressed patients on aver-
age reported a greater number of chronic somatic diseases
and medications, less years of education, lower physical
activity, more current smoking, and less alcohol use.

Table 2 shows that the hazard ratio (HR) of mortality
for depressed patients compared to non-depressed com-
parisons was 2.95; 95% confidence interval (CI): 1.41–6.16;
p ¼ .004. Nonetheless, the HR lost statistical significance
after adjustment for covariates (HR ¼ 1.76 [95% CI:
0.80–3.86], p¼ 0.162).

Table 2 additionally shows the degree of confounding
of the relationship between the presence of a depressive
disorder and mortality by each covariate, i.e. the reduction
or increase in the impact of depression status on mortality
due to that covariate. The table shows that age, sex,

current smoking, and number of medications had a signifi-
cant effect on the impact of depression, but that only for
number of medications (and marginally for smoking) this
effect was substantial, causing a drop of 24.0% and 9.8%,
respectively, in the depression parameter. For comparison,
the drop in the depression parameter for all covariates
combined was 42.5% for the multivariate compared to the
univariate model.

Impact of depression subtypes and characteristics
on mortality

Table 3 shows unadjusted and fully adjusted (controlled for
all covariates) analyses of the impact of depression sub-
types and characteristics on mortality. With respect to
depression subtypes, the table shows that only for patients
with minor depression, an increased risk of death was
found, compared to non-depressed comparisons.

When this result is controlled by adding MDD and dys-
thymia to the fully adjusted model for minor depression
(not shown in Table 3; n¼ 510), the impact for minor
depression on mortality remains significant (HR¼ 2.96 [95%
CI: 1.13–7.77], p ¼ .028), whereas the impacts of MDD (1.67

Table 1. Baseline characteristics of depressed and non-depressed participants.

Baseline comparison

Predictors Patients (n¼ 378) Controls (n¼ 132) p-value

� Age at baseline interview, mean (SD) 70.7 (7.4) 70.1 (7.2) .370
� Male sex, n (%) 128 (33.9) 51 (38.6) .322
� Years of education, mean (SD) 10.4 (3.4) 12.5 (3.5) <.001
� Alcohol use (number of drinks a day), median (IQR) 0.03 (1.18) 0.53 (1.03) <.001
� Physical activity .009

� Low physical activity, n (%) 114 (31.1) 22 (17.2)
� Moderate physical activity, n (%) 139 (37.9) 56 (43.8)
� High physical activity, n (%) 114 (31.1) 50 (39.1)

� Currently smoking, n (%) 100 (26.7) 11 (8.3) <.001
� Number of chronic diseases, mean (SD) 2.1 (1.5) 1.5 (1.1) <.001
� Number of medications, mean (SD) 4.7 (2.9) 2.6 (2.3) <.001
� Antidepressant drug use, n (%) 276 (73.0) 4 (3.0) <.001

� Tricyclic antidepressants, n (%) 82 (21.8) 2 (1.5) <.001
� Selective serotonin reuptake inhibitors, n (%) 105 (27.9) 1 (0.8) <.001
� Other antidepressants, n (%) 106 (28.1) – <.001

IQR: interquartile range.

Table 2. Individual and combined effects of covariates on depression impact on mortality.

Bivariate modelsa

DBb for depression

Multivariate modelc

Predictors HR [95% CI] p HR [95% CI] p

� Depressed patients (versus controls) 2.95 [1.41–6.16] .004 n.a. 1.76 [0.80–3.86] .162
Covariates:
� Age at baseline interview 1.07 [1.04–1.11] <.001 �7.6% 1.06 [1.03–1.10] <.001
� Male sex 1.81 [1.13–2.89] .013 3.4% 2.16 [1.30–3.61] .003
� Years of education 0.94 [0.88–1.01] .090 �6.6% 1.01 [0.94–1.09] .809
� Alcohol units per day 0.61 [0.34–1.09] .097 �5.3% 0.96 [0.70–1.30] .769
� Physical activity .015 �7.9% .331

� Low physical activity 1.00 Reference 1.00 Reference
� Moderate physical activity 0.48 [0.27–0.84] .011 0.63 [0.34–1.16] .137
� High physical activity 0.50 [0.28–0.90] .020 0.80 [0.42–1.52] .487

� Currently smoking 2.00 [1.21–3.29] .007 �9.8% 2.33 [1.36–3.97] .002
� Number of chronic diseases 1.17 [1.00–1.35] .044 �6.8% 1.05 [0.88–1.26] .587
� Number of medications 1.16 [1.08–1.24] <.001 �24.0% 1.09 [1.00–1.19] .048

HR: hazard rate; CI: confidence interval.
aBivariate model including individual covariate and depression as predictors of mortality, with exception of model for depression, which is univariate model
only including depression as predictor.

bChange in regression parameter B of impact of depression (versus controls) on mortality when adding the covariate to the univariate model including
depression only.

cMultivariate model including all covariates and depression as predictors of mortality.
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[95% CI: 0.82–3.39], p¼ 154) and dysthymia (1.08 [95% CI:
0.59–1.96], p ¼ .811) remain non-significant.

The analyses for depression characteristics were done in
the group of depressed participants only, since depression
characteristics are only relevant in the presence of a
depressive disorder. Among depressed persons, none of
the depression characteristics were associated with
increased mortality.

Impact of somatic comorbidity on mortality in late-
life depression

The presence of a depressive disorder neither interacted
with the number of chronic diseases, nor with the number
of medications in predicting mortality in both the univari-
ate (p ¼ .208 and p ¼ .861, respectively) and fully adjusted
models (p ¼ .261 and p ¼ .602, respectively).

Furthermore, we checked whether individual chronic
somatic diseases or disease categories interacted with pres-
ence of a depressive disorder. No significant interactions
were found, either before or after controlling for all covari-
ates (results not shown). Finally, we tested whether individ-
ual chronic somatic diseases or disease categories were
associated with mortality (results not shown). Only pulmon-
ary diseases predicted mortality (HR ¼ 2.13 [95% CI:
1.6–3.90], p ¼ .014), adjusted for all covariates includ-
ing depression.

Impact of antidepressant use on mortality in late-
life depression

We also checked whether use of any or specific types of
antidepressant drugs was associated with increased mortal-
ity rates in the participants with a depressive disorder. We
adjusted for the number of medications other than antide-
pressants. No effects on mortality of antidepressant drug
use as such or any specific type of antidepressants
were found after adjustment for all covariates and number
of medications other than antidepressants (results
not shown).

Discussion

Main findings

Over six years of follow-up, depressed older persons had a
higher risk of dying compared to non-depressed older per-
sons. In contrast to our hypotheses, late-onset depression
and atypical depression were not specifically associated
with increased mortality. After full adjustment, only the
presence of minor depression remained associated with an
increased mortality rate.

Unlike our hypotheses, neither the number of chronic
somatic diseases nor antidepressant drug use were associ-
ated with a higher mortality rate, nor exaggerated the
effect of depression on mortality. The number of medica-
tions, however, explained a substantial portion of the
observed relationship between depressive disorder and
mortality rate, independent of the presence of
chronic diseases.

Relationship to existing research

Increased mortality in depressed persons
Similar to previous meta-analyses (Cuijpers & Smit, 2002;
Cuijpers et al., 2013; Miloyan & Fried, 2017), we found an
increased mortality risk for depressed persons. In line with
previous results (Cuijpers et al., 2014; Miloyan & Fried,
2017), this association lost significance after adjustment for
covariates like lifestyle factors, demographic and illness-
related variables, implying that other factors than the
depression itself play an important role in increased mortal-
ity in depression. Our study showed number of medica-
tions used to be the main confounder in an older sample,
in this respect.

The role of lifestyle characteristics in depres-
sion mortality
The higher mortality rate among depressed patients can be
partially explained by the higher percentage of smokers, in
line with well-established associations between smoking

Table 3. Associations of depression subtypes and depression characteristics with mortality.

Unadjusted Fully adjusteda

HR [95% CI] p HR [95% CI] p

Depression subtypes (versus non-depressed comparisons): Mortality: n/N
IDS-based subtypes
� Atypical depression 4/34 2.05 [0.62–6.80] .243 0.84 [0.14–5.06] .846
� Melancholic depression 9/51 2.23 [0.78–6.46] .137 0.83 [0.17–4.10] .816
� Depression without specific features 46/292 2.71 [1.28–5.75] .009 1.69 [0.76–3.79] .200
DSM-IV-TR-based subtypes
� Major depression, past six months 59/359 2.64 [1.26–5.56] .010 1.66 [0.75–3.68] .211
� Minor depression, past month 5/20 4.83 [1.58–14.8] .006 6.59 [1.79–24.2] .005
� Dysthymia, past six months 17/100 2.82 [1.21–6.59] .017 1.34 [0.49–3.69] .565
Age of onset first depressive episode
� Early onset depression (<60 years) 38/245 2.41 [1.12–5.21] .025 1.88 [0.81–4.33] .141
� Late-onset depression (�60 years) 23/125 3.19 [1.41–7.19] .005 1.42 [0.53–3.80] .488
Depression characteristics (within depressed patients only): Mean (SD)
Severity of depressive symptoms
� IDS sum score (range: 0–84) 30.1 (5.0) 0.99 [0.97–1.01] .277 0.99 [0.96–1.01] .320
Dimensions of depressive symptoms
� IDS Mood subscale (range 0–27) 9.0 (5.2) 0.97 [0.92–1.02] .224 0.96 [0.91–1.02] .225
� IDS Motivation subscale (range: 0–15) 5.0 (3.1) 0.99 [0.91–1.08] .804 0.97 [0.88–1.07] .539
� IDS Somatic subscale (range: 0–24) 9.8 (4.2) 0.96 [0.91–1.03] .266 0.99 [0.92–1.05] .985
Age of onset (MDD and dysthymia)
� Age of onset (continuous), years 48.4 (20.6) 1.00 [0.99–1.02] .525 1.00 [0.99–1.02] .815
aAdjusted for age, sex, years of education, alcohol use, smoking, physical activity, number of chronic somatic diseases, and number of medications.
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and depression (Luger, Suls, & Vander Weg, 2014), and
smoking and mortality (Muezzinler et al., 2015).

However, a more important explanation for the excess
mortality in our depressed sample is the number of medi-
cations used, independent of the higher number of chronic
diseases in the depressed group. A previous study suggests
that polypharmacy is associated with increased non-cancer
mortality, but only in subjects without multimorbidity
(Schottker et al., 2017; Schottker, Muhlack, Hoppe,
Holleczek, & Brenner, 2018). In case of multimorbidity, sub-
jects did seem to benefit from a larger number of
medications.

In our sample, the use of some medications might have
been inappropriate for the following reasons. Firstly, a
higher prescription rate might be related to a somatic pres-
entation of depression in later life (Hegeman, Kok, Van der
Mast, & Giltay, 2012). Secondly, depression itself is associ-
ated with increased medical consumption, placing patients
at risk of receiving extra prescriptions. Collectively, somatic
complaints may lead to more doctor visits and ‘force’ the
doctor into the prescription of drugs, while an underlying
somatic substrate might be absent, and the prescribed
drugs might do more harm than good. Even ‘appropriate’
polypharmacy has consistently been associated with falls,
fall-related injuries, adverse drug events, hospitalization,
and mortality (Fried et al., 2014).

Mortality in depression subtypes
Previously, in a younger population (Lasserre et al., 2016),
no evidence was found for an association of mortality with
atypicality or late onset of the depression, similar to
our results.

Although we a priori expected these subtypes to be
associated with mortality due to their link with metabolic
syndrome and vascular disease (Lamers et al., 2016;
Lasserre et al., 2017), our negative findings might be
explained by the bidirectional association between physical
health and depression. In line with the vascular depression
hypothesis (Salo, Scharfen, Wilden, Schubotz, & Holling,
2019), late-onset depression might be partly caused by vas-
cular aging (which we initially hypothesized to also cause a
higher mortality risk). In this case, the cerebrovascular dis-
ease burden may be a shared underlying mechanism
explaining depression as well as mortality. Patients with
early-onset depression might have a higher mortality risk
due to a longer duration of exposure to unhealthy lifestyle
characteristics associated with having a depression. In
those patients, the vascular disease burden is an explana-
tory mechanism linking depression to mortality.

Our finding of an increased mortality rate for minor
depression after adjustment for lifestyle factors and medi-
cation use, might point to another, unknown pathway lead-
ing to mortality in case of minor depression. This pathway
might be age-specific. First, no differential mortality rates
were found for depressive symptoms above and below the
diagnostic threshold for MDD in a population aged 35–66
years (Lasserre et al., 2016). Second, a meta-analysis, where
age was not considered, demonstrated a non-significant,
but opposite trend towards an increased mortality rate for
MDD compared to minor depression (RR ¼ 1.07 [95% CI:
0.78–1.45] (Cuijpers et al., 2013). This raises the question
whether, in later life, minor depression indeed is a

depression subtype or rather a reflection of processes asso-
ciated with higher biological age, that might be related to
depressive symptoms. First, with age, inflammation within
the central nervous system increases, sometimes called
‘inflamm-aging’, and exposure to cytokines may lead to
exaggerated sickness behavior and ‘depression-like behav-
ior’ in older persons (Norden & Godbout, 2013). Second,
among older persons, frailty is more common. This syn-
drome is characterized by diminished strength, endurance
and reduced physiologic function that increases an individ-
ual’s vulnerability for developing increased dependency or
death (Morley et al., 2013). Since criteria for depression and
frailty overlap, confounding is inevitable (Mezuk, Lohman,
Dumenci, & Lapane, 2013). A third example of a process
associated with higher age is cognitive impairment. Mild
cognitive impairment (MCI) has been associated with minor
depression (Polyakova et al., 2014), and depressive symp-
toms might be prodromal for a neurodegenerative disorder
(Gutzmann & Qazi, 2015). Although persons with low
scores (<18/30) on the MMSE or with a dementia diagnosis
were excluded from our sample, the six years of follow-up
might allow MCI to develop.

Methodological considerations

Important strengths of the present study are the extensive
phenotyping of depression in a relatively large sample of
depressed older persons, with a high mortality risk.

Nonetheless, the statistical power might still be limited
to draw definitive conclusions about smaller subgroups,
e.g. specific depression subtypes or antidepressant users,
therefore caution is necessary. Data on the duration of
depressive symptoms were not available. Therefore, we
could only use IDS scores in the analysis for a dose-
response relationship between depression and mortality,
and not a combination of both severity and duration
of symptoms.

Furthermore, the causes of death were not registered.
Their availability could have helped us to further clarify the
relationship between depression and mortality. Finally,
residual confounding by somatic burden of disease cannot
be completely ruled out. The number of chronic diseases
does not always reflect the severity and actual relevance of
somatic comorbidity. It might be that the number of medi-
cations is a better reflection of the actual burden of som-
atic disease.

Final conclusions

Our findings offer opportunities for mortality risk preven-
tion in clinical practice by targeting smoking and polyphar-
macy in depressed patients. Since mortality in minor
depression seems independent of these factors, another
pathway may lead to mortality for this depression subtype.
Therefore, minor depression in later life might reflect
depressive symptoms due to underlying aging-related
processes, such as inflammation-based sickness behavior,
frailty or MCI that might be associated with increased mor-
tality. The impact of polypharmacy as well as the impact of
minor depression on mortality argue for integration of
somatic and mental health care for depressed
older persons.
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