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Abstract

Background. The differential impact of depression across different periods in life on mortality
remains inconclusive.We aimed to examine the association of depression that occurs at different
age with all-cause mortality, and to explore the roles of dementia, as well as genetic and early-life
environmental factors, in this association.
Methods. From the Swedish Twin Registry, 44,919 twin individuals were followed for up to 18
years. Depression was ascertained using the National Patient Registry and categorized as early-
life (<45 years), midlife (45–64 years), and late-life (≥65 years) depression according to the age of
the first diagnosis. Deaths were identified through the Cause of Death Register. Generalized
estimating equation, generalized structural equation, and conditional logistic regression were
used for unmatched, mediation, and co-twin matched analyses, respectively.
Results. In unmatched analyses, the multivariate-adjusted odds ratios (ORs) and 95% confi-
dence intervals (CIs) of mortality were 1.71 (1.46–2.00) for depression at any age, 1.72 (1.36–
2.17) for early-life, 1.51 (1.19–1.90) for midlife, and 4.10 (2.02–8.34) for late-life depression.
Mortality was significantly higher in individuals with late-life depression than those with earlier-
life depression (p < 0.05). The mediation analysis showed that 59.83% of the depression-
mortality association was mediated by dementia. No significant difference in ORs between
the unmatched and co-twin matched analyses was observed (p = 0.09).
Conclusions. Depression is associated with an increased risk of all-cause mortality, and
dementia mediates approximately 60% of the impact of depression on mortality in late life.
Genetic and early-life environmental factors may not play a significant role in the depression-
mortality association.

Introduction

Depression is among themost common psychiatric disorders, affecting nearly 280million people
worldwide [1]. The total estimated number of depression cases has increased by approximately
15% over the past decade and is expected to increase continually [2, 3]. It has been shown that
depression accounts for over 40% of the global mental health-related disease burden [4, 5], and
persons with depression have elevated mortality compared to those without depression [6].

Depression can occur at any age throughout one’s life; its prevalence is the highest in earlier
life (i.e., 20–40 years), followed by mid-to-late life (i.e., 50–70 years) [7]. Difference in the
prevalence of depression at different ages may represent individuals’ vulnerability across the
lifespan. It has also been shown that depression at different ages manifests differential etiology [8,
9]. As a result, the impact of depression on mortality may differ depending on the age at which
depression occurs. However, studies looking into the association between depression and
mortality by the age of depression occurrence remain limited.

Furthermore, several pathways through which depression increases the risk of mortality have
been suggested, such as the dysregulation of stress systems and the production of cerebrovascular
pathology [10, 11]. Depression has been associated with an increased risk of dementia in several
studies, including our previous study [12–14], and dementia is one of the leading causes of death
[15]. Thus, it is plausible that dementia serves as a mediator in the association between depression
and mortality. Moreover, both genetic and early-life environmental factors have been related to
depression andmortality [7, 16, 17]. A twin study design is particularly useful to clarifywhether and
to what extent these unmeasured familial factors contribute to the association between depression
and mortality, by matching twins who shared genetic background and were reared together [18].
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Wehypothesized that depression is related to elevatedmortality,
and dementia may play a mediating role in this association. In this
study, we aimed to verify this hypothesis by (a) examining the
association between depression that occurs at different ages and
the risk of mortality, (b) assessing the extent to which dementia
mediates the association, and (c) exploring whether genetic and
early-life familial factors could account for the depression-
mortality association.

Methods

Study population

Participants of the current study were identified from the nation-
wide Swedish Twin Registry (STR) which was first established in
the late 1950s and has been an important epidemiological resource
for common complex diseases [19]. Between 1998 and 2002, a total
of 44,919 twin individuals alive (aged 40 years or above) in this
registry participated in a computer-assisted telephone interview
called Screening Across the Lifespan Twin (SALT) study and were
included in the current study. In the mediation analysis (details see
statistical analysis section), there remained 35,032 individuals after
excluding 941 who died before the age of 65 and 8,944 who were
younger than 65 years at the end of follow-up (December 31, 2016).
This was done because they were not at risk of developing dementia
which was the mediator of focus in the analysis. We also excluded
two individuals who had dementia before depression diagnosis
(Figure 1).

All participants provided informed consent, and this study was
approved by the Regional Ethics Board at Karolinska Institutet,
Stockholm, Sweden and the Institutional Review Board at the
University of Southern California, USA. The authors assert that
all procedures contributing to this work comply with the ethical
standards of the relevant national and institutional committees on
human experimentation and with the Helsinki Declaration of 1975,
as revised in 2008.

Data collection

Information on age, sex, education level, marital status, smoking
status, alcohol consumption, physical exercise, zygosity status,
height, and weight was collected at baseline from the SALT inter-
view. Education level was grouped into <8 years, 8–10 years, and
≥11 years according to the maximum years of formal schooling
[20]. Marital status was defined as married/cohabiting and single
(including divorced and living alone). Smoking status was dichot-
omized as never smoking and former/current smoking. Alcohol
consumption was categorized as no/mild drinking and heavy
drinking. Frequency of physical exercise was dichotomized as
inactive (including almost never, much less than average, and less
than average) and active (including average, more than average,
much more than average, and maximum) based on the annual
exercise pattern. Zygosity status was classified as monozygotic,
dizygotic, and undetermined zygosity. Body mass index (BMI,
kg/m2) was calculated as weight (kg) divided by the square of height
(m) and divided into underweight (<20), normal (20–24.9), over-
weight (25–29.9), and obese (≥30).

Data on type 2 diabetes, hypertension, cardiovascular disease
(including heart disease and stroke), and cancer at baseline were
obtained through the linkage to the Swedish National Patient
Registry (NPR). The NPR was launched in the 1960s and has been
maintained by the National Board of Health and Welfare, where

more than 99% of all diagnoses of somatic and psychiatric (from
1973) disorders in inpatient care were registered. The NPR also
includes outpatient care (non-private specialist clinic) from 2001
[21]. The NPR has been validated, and its validity is high for
different disease diagnoses [22]. Currently, the coverage of the
inpatient register and public outpatient care is mostly 100%
[22]. All diseases were diagnosed and coded based on the Inter-
national Classification of Disease, the seventh to tenth revisions
(ICD-7–ICD-10).

Assessment of depression and the age of diagnosis

Depression was ascertained based on the depression diagnosis
records from the NPR where depression was diagnosed by doctors
following the Swedish version of the International Statistical Clas-
sification of Diseases and Related Health Problems. The ICDs and
corresponding codes for any diagnosis of depression in in- or
outpatient registers included: ICD-7 (314.99), ICD-8 (296.00,
298.00, 300.40, 300.41, 790.20); ICD-9 (296C, 296D, 296W,
298A, 300E, 309A, 309B, 311X), ICD-10 (F32, F33, F34.1, F41.2).

The age of depression occurrence was estimated using the
earliest recorded date of diagnosis. In the current study, depression
diagnoses prior to baseline survey were included, and depression
diagnosed at different ages in life was divided as early-life depres-
sion (occurring before 45 years of age), midlife depression (occur-
ring between 45 and 64 years of age), and late-life depression
(occurring at or after 65 years of age). Individuals without any
depression diagnosis were considered as the reference group in all
analyses.

Identification of deaths and dementia

During the follow-up, deaths from all causes recorded in ICD codes
and the corresponding dates were confirmed by the Swedish Cause
of Death Register in which the information on deaths before 1991
was almost complete. During 1991 and 1996, deaths reported to the
tax authority with no completed death certificate were not included
in the register (which were rather added retrospectively later on).

Figure 1. Flowchart of the study population.
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Since 1997, all deaths have been included in the registry, regardless
of the death certificate [23].

Information on dementia diagnoses was extracted via linkage
with the NPR and the Cause of Death Register where the specificity
for prevalent dementia is over 99% and the sensitivity is 62.7%
[24]. The ICD codes included the following: ICD-8, 290; ICD-9,
290A, 290B, 290E, 290X, 290W, 331A, 331C; ICD-10, F00–03, F05,
G30, G310, G318, G318A. The age of dementia was estimated using
the age of the first dementia diagnosis. Mortality with dementia was
defined as death due to dementia and/or death accompanied by
previous dementia.

Statistical analysis

All the analyses were performed using SAS 9.4 (SAS Institute) and
STATA SE 15.0 (StataCorp, College Station, TX). Baseline charac-
teristics of participants by depression status were compared with
the Chi-square test for categorical variables or the independent
sample t test for continuous variables. Generalized estimating
equation (GEE) models (PROC GENMOD procedures in SAS)
were used to estimate the odds ratios (ORs) and 95% confidence
intervals (CIs) for the association between depression andmortality
in the unmatched analysis. GEEmodels are conceptually equivalent
to logistic regression but able to control for correlations between the
twins within a pair [19, 25].

In order to further assess themediating effect of dementia on the
depression-mortality relationship, generalized structural equation
modeling was performed. Dementia diagnosed after the depression
diagnosis was considered as a mediator to address the issue of
temporality between the exposure and the mediator. Bootstrapping
method was applied to estimate the 95% CI of indirect (mediated)
effect. The bias-corrected 95% CI of the indirect effect that does not
include zero indicates a significant mediating effect.

For the co-twin matched analysis, we applied conditional logis-
tic regression models to estimate the OR and 95% CI of all-cause
mortality in relation to depression, in which twin pairs discordant
for vital status (one twin died but the other did not) were matched
and compared within the pairs. As a result, potential confounding
factors that twin pairs shared (such as maternal factors, early-
life familial environment, and genes) could be controlled for
[19]. Finally, logistic regression models were used to examine
whether there was a difference in ORs between conditional logistic
regression and GEE models, by estimating the difference between
the proportion of depression in survivors from unmatched analysis
and that from co-twin matched analysis. A significant difference in
ORs between the two models suggests that early-life environment
and genetic background may contribute to the depression-
mortality association, whereas the absence of significant difference
indicates otherwise.

Missing data on education level (n = 1,602), marital status (n
= 1,021), smoking status (n = 1,546), alcohol consumption (n =
1,653), physical exercise (n = 6,851), and BMI (n = 2,388) were
imputed using multiple imputation. To test the robustness of our
results, we conducted several sensitivity analyses where (a) we
distinguished non-suicide and suicide mortality, (b) we excluded
7,555 (16.82%) participants with missing data in covariates,
(c) we further excluded 29 (0.8%) dementia cases diagnosed
within 10 years following depression because the onset of demen-
tia could be more than 10 years before the diagnosis and late-life
depression in particular might be a prodromal phase of dementia

[13], and (d) we only excluded participants who had dementia
before depression in the mediation analysis to reduce the risk of
survival bias resulting from deaths before the age of 65. A value of
p < 0.05 (two-tailed) was considered statistically significant.

Results

Characteristics of the study population

Of the 44,919 participants, the mean age at baseline was 59.34
years (standard deviation [SD] = 11.10; range 41–103) and
53.52% were female. A total of 1,179 individuals had a history of
depression at baseline, including 574 (48.68%, mean age at diag-
nosis 35.43 years [SD = 6.86]) with early-life depression,
487 (41.31%, mean age at diagnosis 52.40 years [SD = 5.19]) with
midlife depression, and 118 (10.01%, mean age at diagnosis 73.72
years [SD = 6.07]) with late-life depression. Compared with
depression-free participants, those with depression were more
likely to be female, single, former/current smokers, heavy drink-
ers, physically inactive, underweight, and obese, and to have type
2 diabetes, hypertension, cardiovascular disease, and cancer. No
statistically significant difference in age and education level was
observed between the two groups (Table 1).

Among the co-twin subsample, the baseline characteristics were
similar to that in the entire population regarding sex, marital status,
smoking status, alcohol consumption, and the history of hyperten-
sion or cardiovascular disease. However, education level, physical
exercise, BMI, and the history of type 2 diabetes or cancer did not
differ significantly between people with and without depression
(Supplementary Table S1).

Association between depression at different ages and mortality
in the unmatched analysis

During the follow-up (mean 14.61 years [SD= 4.20]), 12,761 died
(28.41%,mean age at death 80.02 years [SD= 10.50]). In the entire
study population, depression at any age was significantly associ-
ated with an increased risk of all-cause mortality in both basic-
and multi-adjusted GEE models (OR 2.49, 95% CI 2.13–2.92; OR
1.71, 95% CI 1.46–2.00). Specifically, the multi-adjusted ORs
(95% CIs) of all-cause mortality were 1.72 (1.36–2.17) for early-
life depression, 1.51 (1.19–1.90) for midlife depression, and 4.10
(2.02–8.34) for late-life depression (Table 2). Furthermore, the
risk of all-cause mortality was significantly higher in individuals
with late-life depression than in those with early-life depression
(OR 2.39, 95% CI 1.13–5.05) or midlife depression (OR 2.72, 95%
CI 1.29–5.73), whereas mortality did not significantly differ
between early-life depression and midlife depression. In addition,
no significant additive (the relative excess risk due to interaction:
0.12, 95% CI �0.56–0.79; the attributable proportion: 0.05, 95%
CI�0.23–0.32, and the synergy index: 1.09, 95% CI 0.66–1.81) or
multiplicative (p = 0.53) interaction between depression and
gender on all-cause mortality was detected (Supplementary
Tables S2 and S3).

Depression at any age was also related to mortality with
dementia (OR 1.62, 95% CI 1.28–2.05). Midlife depression
(OR 1.61, 95% CI 1.16–2.24) and late-life depression (OR 1.67,
95% CI 1.12–2.48), but not early-life depression (OR 1.56, 95% CI
0.86–2.85), were associated with an increased risk of mortality
with dementia (Table 2).
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The mediation of dementia in the association between
depression and mortality

In the generalized structural equation modeling, the beta-
coefficient (β) was 0.49 (95% CI 0.29–0.69) for the relationship
between depression at any age and all-cause mortality after adjust-
ing for dementia, together with other covariates. Depression was
associated with an increased risk of subsequent dementia (β= 0.54,
95% CI 0.29–0.79), and dementia in turn was associated with

increased mortality (β = 1.34, 95% CI 1.23–1.46), resulting in a
significantly indirect effect of depression through dementia on all-
cause mortality (β = 0.73, 95% CI 0.39–1.06). These reflected that
dementia mediated 59.83% of the depression-mortality association
(Figure 2 and Supplementary Table S4). Similar results were
observed in the basic-adjusted model (Supplementary Table S4).
Additionally, dementia mediated the association of early-life
depression and midlife depression with all-cause mortality by over
60%, respectively, with a lower proportion of mediation regarding
late-life depression (Supplementary Figure S1).

Association between depression and all-cause mortality in the
co-twin analysis

In the conditional logistic regression models, the relationship
between depression and all-cause mortality was also significant
(OR 1.70, 95% CI 1.22–2.38) and similar to that in the unmatched
analysis (Table 3). Furthermore, no significant difference in ORs
from unmatched analysis based on GEE models and co-twin
matched analysis based on conditional logistic regression models
was detected (p = 0.09), which suggested that genetic and early-life
environmental factors might not play a role in the depression-
mortality association.

Sensitivity analysis

Results were generally similar to those from the initial analyses in
the following analyses: (a) focusing on non-suicide mortality
(Supplementary Table S5); (b) excluding participants with missing
data in covariates (Supplementary Table S6); (c) excluding demen-
tia diagnoses within 10 years after depression diagnoses
(Supplementary Figure S2); and (d) only excluding participants
who had dementia before depression in the mediation analysis
(Supplementary Figure S3).

Discussion

In this large prospective cohort study of nationwide Swedish twins,
we found that (a) depression at any age was associated with an
elevated risk of all-cause mortality and mortality with dementia.
Late-life depression in particular conferred a significantly greater
risk of mortality compared to depression in early life and inmidlife;
(b) over half of the association between depression and mortality
was mediated by dementia; and (c) genetic and early-life environ-
mental factors could not account for the depression-mortality
association.

Overall, depression has been associated with a 50%higher risk of
all-causemortality in a previous meta-analysis includingmore than
1.8 million participants from all populated continents [10]. Simi-
larly, in our study, we found a 70% higher risk of all-cause mortality
in persons with a lifetime depression diagnosis. Few studies, how-
ever, have focused on the differential impact of depression or
depressive symptoms across different periods in life on mortality
[26, 27]. One cohort study of veterans has shown that depression
increases the risk of three-yearmortality in persons with depression
aged <40 and >70 years, but not in those aged 40–70 years
[26]. Another cohort study has revealed that the risks of mortality
in relation to depressive symptoms do not differ between people
aged 45–64 years and ≥65 years [27]. Importantly, the current
study contributes to the literature on depression and mortality by
disentangling the impact of depression diagnosed at different ages
in life on mortality. We found that early-life, midlife, and late-life

Table 1. Baseline characteristics of the study population by depression
(n = 44,919).

Characteristics

Depression

p-value
No

(n = 43,740)
Yes

(n = 1,179)

Age (years) 59.33 � 11.12 59.93 � 10.57 0.065

Sex <0.001

Female 23,272 (53.21) 768 (65.14)

Male 20,468 (46.79) 411 (34.86)

Education level 0.264

<8 years 14,808 (33.85) 394 (33.42)

8–10 years 18,886 (43.18) 534 (45.29)

≥11 years 10,046 (22.97) 251 (21.29)

Marital status <0.001

Single 11,982 (27.39) 604 (51.23)

Married/cohabiting 31,758 (72.61) 575 (48.77)

Smoking status <0.001

Never 21,453 (49.05) 420 (35.62)

Former/current smoking 22,287 (50.95) 759 (64.38)

Alcohol consumption <0.001

No/mild drinking 40,589 (92.80) 926 (78.54)

Heavy drinking 3,151 (7.20) 253 (21.46)

Physical exercise <0.001

Inactive 10,865 (24.84) 363 (30.79)

Active 32,875 (75.16) 816 (69.21)

Zygosity 0.002

Monozygotic 8,719 (19.93) 225 (19.08)

Dizygotic 29,372 (67.15) 759 (64.38)

Undetermined zygosity 5,649 (12.91) 195 (16.54)

Body mass index (kg/m2) 25.00 � 3.51 25.50 � 4.34 <0.001

<20 2,271 (5.19) 93 (7.89) <0.001

20–24.9 21,357 (48.83) 485 (41.14)

25–29.9 16,571 (37.89) 446 (37.83)

≥30 3,541 (8.10) 155 (13.15)

Type 2 diabetes 2,317 (5.30) 102 (8.65) <0.001

Hypertension 1,780 (4.07) 89 (7.55) <0.001

Cardiovascular disease 4,638 (10.60) 202 (17.13) <0.001

Cancer 4,165 (9.52) 143 (12.13) <0.001

Note: Data were presented as means � standard deviations or number (%).
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depression were all associated with an increased risk of mortality.
Notably, mortality related to late-life depression was also higher
than early-life or midlife depression. Late-life depression may be
part of the geriatric syndromes and amanifestation of poor physical
fitness that contributes to the death, and thus monitoring and
treatment of comorbid somatic conditions is emphasized. How-
ever, the coverage of inpatient psychiatric care in the NPR has only
been complete since 1973, meaning that depression diagnoses
before 1973 were not included in our study. This might lead to an
underestimation of the number of early-life depression or even
misclassification as later-life depression due to relapse or chronicity
of earlier depression. Nevertheless, we also found that early-life and

midlife depression were associated with a higher risk of suicide
mortality than non-suicide mortality, which is in line with a pre-
vious study suggesting that the gap in life-expectancy between
people with and without depression was largely due to suicide
and other unnatural causes of death before age 60 years [28].

In the current study, we found that depression was also associ-
ated with an increased risk of mortality with dementia. Given that
depression is associated with an increased risk of dementia [13, 29],
it is plausible that dementia mediates the association between
depression and mortality. Indeed, one population-based study in
Korea has shown that dementia mediates the association between
depressive and bipolar disorders and mortality [30]. The current
study showed thatmore than half of the association between lifetime
depression andmortality was mediated by dementia. Although late-
life depression may be a prodromal symptom of dementia, the
additional analysis excluding dementia occurring within 10 years
after depression still yielded an over 40% of mediating effect by
dementia in the association. Furthermore, a greater mediating effect
of dementia was found with respect to early-life or midlife depres-
sion, compared to late-life depression. One possible explanation is
that people with earlier-life depression may have recurrent or
chronic conditions, resulting in more accumulated risk of dementia
than late-life depression. As for those with depression in late life,
they might have poorer health conditions and more risk factors for
mortality, leading to a relatively lower mediating role of dementia.
Our findings underscore the importance of early dementia preven-
tion to further reduce mortality in persons with depression. Future
studies are warranted to identify other potential mediators that
contribute to the association between depression and mortality.

There are several potential mechanisms involved in the associ-
ation between depression and mortality. Biologically, depression
can activate several pathophysiological alterations, including the
dysregulation of stress response, the production of peripheral and
neural inflammation [31, 32], and the increase in oxidative stress
[33]. These reactivities can subsequently increase the risk of somatic
diseases and thereafter premature death. Behaviourally, persons
with depression are more likely to have unhealthy behaviors, such
as smoking, heavy alcohol consumption, and sedentary behavior,
which can increase the risk of death afterwards [34, 35]. Further-
more, compared to persons with earlier-life depression, those with
late-life depression have been shown to have more cardiovascular
comorbidities, more severe vascular pathology in the brain, and
structural brain abnormalities [8, 36, 37], which have a detrimental
impact on cardio-cerebral-vascular health, cognitive function, and
survival.Moreover, older personswith depression are prone to have

Table 2. Odds ratios (ORs, 95% confidence intervals) for the association of depression at different ages with all-cause mortality and mortality with dementia: results
from generalized estimating equation models.

All-cause mortality Mortality with dementia

Depression at different ages No. of subjects Cases Basic-adjusted ORa Multi-adjusted ORb Cases Basic-adjusted ORa Multi-adjusted ORb

Depression-free 43,740 12,282 Reference Reference 2,564 Reference Reference

Depression 1,179 479 2.49 (2.13–2.92) 1.71 (1.46–2.00) 107 1.64 (1.30–2.07) 1.62 (1.28–2.05)

Early-life depression 574 137 2.69 (2.14–3.38) 1.72 (1.36–2.17) 13 1.55 (0.84–2.83) 1.56 (0.86–2.85)

Midlife depression 487 233 2.24 (1.79–2.79) 1.51 (1.19–1.90) 56 1.62 (1.16–2.25) 1.61 (1.16–2.24)

Late-life depression 118 109 3.43 (1.77–6.66) 4.10 (2.02–8.34) 38 1.72 (1.17–2.53) 1.67 (1.12–2.48)

aAdjusted for age, sex, and education level.
bFurther adjusted for smoking status, alcohol consumption, marital status, physical exercise, body mass index, type 2 diabetes, hypertension, cardiovascular disease, and cancer.

Figure 2. Mediating effects of dementia on the association of depressionwith all-cause
mortality. Models were adjusted for age, sex, education level, smoking status, alcohol
consumption, marital status, physical exercise, body mass index, type 2 diabetes,
hypertension, cardiovascular disease, and cancer. Numbers next to arrows indicate
beta-coefficients (95% confidence intervals). *p < 0.001.

Table 3. Odds ratios (ORs, 95% confidence intervals) for the association of
depression with all-cause mortality in the co-twin matched analysis in survival/
death-discordant twin pairs (n = 3,546 pairs): results from conditional logistic
regression models.

Death

Survival Depression-free Depression

Depression-free 3,352 130

Depression 58 6

Basic-adjusted ORa 2.33 (1.71–3.20)

Multi-adjusted ORb 1.70 (1.22–2.38)

aAdjusted for sex and education level.
bFurther adjusted for smoking status, alcohol consumption, marital status, physical exercise,
body mass index, type 2 diabetes, hypertension, cardiovascular disease, and cancer.
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poorer adherence to prescribed medication, which may in turn
worsen the health conditions and increase the risk of death [38].

Both genetic background and early-life environmental factors,
such as childhood adversity and family socioeconomic factors, are
involved in the development of depression and premature death
[17, 39–41]. By utilizing the twin cohort and the co-twin matched
analysis, we found that these factors shared by twins might not
account for the association of depression with all-cause mortality.
However, it is important to note that the null findings could be due
to other reasons, for example, the smaller sample size in the co-twin
matched analysis.

The strengths of our study involve the access to a nationwide
patient registry, which enabled the identification of depression
diagnoses at different ages. Moreover, the large nationwide twin
cohort provided us a unique opportunity to control for and explore
the role of genetic and early environmental factors. We acknow-
ledge several limitations in the present study. First, an important
limitation is the reliance on depression diagnoses in the NPR.
Although studies have shown high validation of different diagnoses
in the NPR, there is no validation study of depression diagnosis in
the NPR. Furthermore, the NPR mainly captures more severe
depression cases including those who get hospital or specialized
treatment and misses milder untreated cases or cases treated in
primary care. It is important to note, however, that the Swedish
healthcare system is tax-funded with limited financial barriers for
care-seeking. Second, individuals with depression, compared to
those without, could have been more regularly in contact with
health care services, thusmore likely to be diagnosed with dementia
in an earlier stage. Therefore, the association between depression
and dementia in our study could have been an overestimation.
Nevertheless, the effect estimate of the association between depres-
sion and dementia in the current study appears to be similar to
other population-based cohort studies [42, 43]. On the other hand,
dementia diagnosis in the registers could have been an underesti-
mation. As such, the mediating effect of dementia shown in the
current study could have been the result of the two impacts that
counteract each other. Third, individuals who were younger or died
earlier than 40 years at baseline were not included in our study,
which may have resulted in an underestimation of the association
between early-life depression and mortality. Cautions are required
when generalizing our findings to the younger population. Fourth,
the exact dates of onset of chronic diseases, such as depression and
dementia, are difficult to estimate. Late-life depression in particular
has also been suggested to be a prodromal phase of dementia, which
may have led to reverse causality in our mediation analysis. How-
ever, the exclusion of dementia cases identified within 10 years after
depression diagnoses did not substantially alter our results. Fifth,
due to the limited sample size, we were not able to perform co-twin
analysis separately for monozygotic twins (who share 100% of their
genetic background) and dizygotic twins (who share only 50% of
their genetic background). Finally, it is important to emphasize that
our findings based on the patient registry data could be suggestive
to health professionals and need to be verified in large population-
based cohort studies with medical examinations.

In conclusion, depression is associated with increased all-cause
mortality. Almost 60% of the association between depression and
all-cause mortality in late life is mediated by dementia. Genetic and
early-life familial factors do not seem to play a significant role in the
association between depression and mortality in late life. Our
findings underline the importance of depression prevention or
treatment in light of its substantial impact on dementia as well as
mortality.
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