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Abstract
Purpose Depression is a prevalent disorder with effects beyond mental health. A positive association with mortality has 
been mostly reported, however, evidence comes from a few high-income countries. This study aims to assess the associa-
tion between depressive symptoms and all-cause mortality in the Chilean population and assess a potential secular effect in 
this association.
Methods This prospective study used data from the Chilean National Health Survey (CNHS). Data from 3151 and 3749 
participants from the 2003 and 2010 CNHS, respectively, were linked to mortality register data. Cox survival analysis was 
performed. The main exposure was depressive symptoms, measured with CIDI-SF (cut-off ≥ 5), and the outcome all-cause 
mortality. The study period was limited to 8.5 years to allow for the same length of follow-up.
Results 10% and 8.5% of participants from the 2003 and 2010 cohort died during the follow-up. Adjusting for age and sex, 
those with depressive symptoms had 1.58 (95% CI 1.18–2.13) and 1.65 (95% CI 1.14–2.12) times the risk to die than those 
without symptoms in the 2003 and 2010 cohort, respectively. In models adjusted for demographic, socioeconomic, behav-
ioural variables and comorbidities, participants with depressive symptoms had 1.42 (95% CI 1.05–1.92) and 1.46 (95% CI 
1.07–− 1.99) times the risk to die compared to those without symptoms in the 2003 and 2010 cohort, respectively.
Conclusion Chilean adults with depressive symptoms are at higher risk of all-cause mortality compared to those without 
symptoms. The effect size was similar regardless of the economic development of the country.

Keywords Depression · Mortality · Mental health · Latin America · Survival

Background

Depression is a common mental health condition with 
a range of effects on quality of life, disability, healthcare 
costs, and mortality, among others [1]. This paper examines 
the association between depression and mortality. Numer-
ous studies have suggested those with depression tend to 
have a shorter lifespan than those without depression [2]. 
Despite the relatively high number of studies assessing the 

association between depression and mortality, there is a 
large gap as evidence mostly comes from a few high-income 
Western countries [2–7]. Reviews focusing on populations 
from low-and-middle-income countries (LMIC) are limited 
to about 10 studies [8], while reviews encompassing stud-
ies mostly from high-income Western countries include 
over 290 studies [2]. Moreover, there are methodological 
limitations in studies reported from countries with a similar 
income or from the same region as Chile [8]. Chile is a 
Latin American country that has undergone a substantial 
economic transition, from a LMIC in the early 2000s to 
an upper-middle-income country in the first decade of this 
century and ultimately to a high-income country in 2013 
[9]. Due to this economic transition, Chile offers a unique 
opportunity to assess the association between depression and 
mortality.

The estimated effect size of the association between 
depression and mortality varies widely between studies. 
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Reports of positive associations range between relative risk 
(RR) of 1.1 to 3.6 [5], with most studies reporting a positive 
association A meta-analysis pooling 238 studies reported an 
estimated RR of 1.64 (95% CI 1.56–1.76) [2], while a meta-
analysis focusing exclusively on studies assessing the effect 
of clinically defined major depression reported an RR of 
1.92 (95% CI 1.65–2.23) [3], suggesting severity may influ-
ence the association with all-cause mortality. This is because 
studies measuring depression through screening instruments 
tend to also capture less severe forms of depression or sub-
clinical depressive symptoms [3].

Emerging evidence suggests that the widely reported pos-
itive association between depression and mortality is heavily 
determined by the quality of the evidence. This is based on 
elements such as number of deaths, influence of small stud-
ies, excess of significance and heterogeneity. In the umbrella 
review by Machado and colleagues, this positive associa-
tion was found to be highly influenced by reviews of lower 
quality [5]. Estimates considering the quality of evidence 
consistently differed, with evidence showing smaller effect 
sizes in high-quality studies than in studies with low qual-
ity. Several reviews have outlined the indirect association 
between quality of evidence and size of the effect [2, 4, 5, 
8], with pooled estimates from high-quality studies being 
up to 36% smaller than pooled estimates from low-quality 
studies [2].

Most authors have identified inconsistencies in the asso-
ciation between depression and mortality [2, 4, 6, 8, 10] with 
several factors contributing to this, such as measurement of 
exposure, sample size, type of population, follow-up length, 
publication bias, outliers and adjustments [5, 11]. For type of 
population, there is evidence of a smaller effect for commu-
nity samples compared to population with a specific disease 
[2]. As for follow-up, studies with a longer follow-up tend 
to yield smaller effect sizes than studies with a short follow-
up [5]. There is also evidence of smaller effect sizes when 
removing outliers [2, 8]. A meta-analysis reported an attenu-
ation of the estimated RR from 1.64 (95% CI 1.56–1.72) to 
1.58 (95% CI 1.51–1.65) after removing outliers [2]. Most 
importantly, lack of adjustment for health conditions and 
health behaviours has been consistently identified as a rel-
evant limitation [5].

An examination of studies from Latin America shows that 
none of them are nationally representative, most studies have 
focused on older populations [12–16] or in-patient samples 
[17–21], and none of them were conducted in Chile. The vast 
majority of studies have sample sizes of less than 500 people 
[13, 17–22]. A Brazilian study of older adults with 10 years 
of follow-up is among the few without some of these limi-
tations [14]. Here, those with depressive symptomatology 
had 1.24 (95% CI 1.00–1.55) times the risk of dying during 
the follow-up compared to those without symptomatology 
after adjusting for demographic, socioeconomic, functional 

limitations, cognitive features, lifestyle factors and chronic 
diseases. Other Latin-American research has reported both 
positive and no association between depression and mortal-
ity [14, 15, 19, 20]. Studies reporting no association were 
from in-patient samples [17, 18, 21, 22] rather than com-
munity samples.

Most evidence with mortality as outcome focuses either 
on physical health or severe mental illnesses as exposure 
[23, 24]. Moreover, there are important limitations to the 
evidence at the global and, more importantly, at the Latin 
American level. This highlights the relevance of conduct-
ing a study on the topic in Chile to address these common 
methodological shortcomings. Based on the hypothesis of a 
higher risk of mortality of those with depressive symptoms 
compared to those without, the purpose of this paper is to 
extend the existing literature base and contribute to address-
ing the paucity of evidence from Latin America, using high-
quality data from two Chilean nationally representative sam-
ples, with a specific measure of depressive symptoms, using 
a time-to-event analysis of all-cause mortality, and adjust-
ing for a range of demographic, socioeconomic, behavioural 
confounders and comorbidities. Moreover, the use of two 
different surveys from the same population enables us to 
address a potential secular effect on the association between 
depressive symptoms and all-cause mortality in the Chilean 
population.

Methods

Study population

The study sample came from the 2003 and 2010 Chilean 
National Health Surveys (CNHS). These are random, geo-
graphically stratified, multi-stage cross-sectional surveys 
representative of Chilean adult population. The detailed 
study protocol of each CNHS is described elsewhere [25, 
26]. After exclusions due to missing exposure, outcome 
and covariates, the original survey samples—n = 3,619 and 
n = 5,293—, were reduced to n = 3,151 and n = 3,749 for 
the 2003 and 2010 CNHS analytical sample, respectively. 
This study used a complete case approach, meaning that all 
descriptive and inferential analyses are based on sample size 
of the analytical samples.

Exposure: depressive symptoms

Depressive symptoms were measured by trained interview-
ers at baseline using the Latin American version of the Com-
posite International Disease Instrument Short Form (CIDI-
SF) [27, 28], a screening instrument with a score ranging 
from 0 to 7, with a traditional cut-off indicating probable 
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cases of depression of 5 [29]. Therefore, a binary exposure 
variable was created using this cut-off to indicate those with 
depressive symptoms.

Outcome: time to death

Mortality data were provided by the Chilean Ministry of 
Health, who linked the participant’s CNHS identifier with 
administrative mortality data. This linkage data contained a 
variable for mortality, date and cause of death according to 
ICD-10 classification [30]. The time-to-event variable was 
estimated using the number of days from the interview date 
to the endpoint for the study (either the date of death or the 
end of follow-up) and follow-up was censored to 8.5 years 
in both CNHS, the longest possible follow-up length of par-
ticipants of the 2010 CNHS. This is essential to assess a 
potential secular effect in the association between depressive 
symptoms and all-cause mortality, as there is evidence of a 
negative association between length of follow-up and size of 
the effect [5]. The same follow-up length allows comparable 
results between cohorts. As participants were followed over 
time, the surveys will be referred to from now on as 2003 
and 2010 cohorts.

Covariates

The demographic covariates were age in years, sex and 
marital status (living with partner, widowed/divorced, no 
partner). Socioeconomic status (SES) covariates were years 
of education (< 8 years, 8–12 years, 13 + years) and work-
ing status (employed/student, homemaker, retired, unem-
ployed). Lifestyle variables included were physical activity 
(3 + times weekly, 1–2 times weekly, < 4 times per month, 
no physical activity) and smoking (smoker and non-smoker). 
Statistical models were also adjusted for the chronic dis-
eases of type II diabetes and high-blood pressure (HBP), 
ascertained through physiological measurements and the use 
of prescribed medicine for these conditions. The reference 
groups for the statistical models were being female, living 
with a partner, 13 + years of education, employed/student, 
engaging in physical activity 3 + times weekly, non-smoker, 
and without HBP, diabetes and depressive symptoms.

Statistical analyses

Descriptive analysis

The sample characterization was displayed by cohort. 
Kaplan–Meier plots representing the association between 
each category of exposures and mortality over time were 
analyzed. For the mortality data, the number and proportion 

of people who died and the survival function by cohort were 
inspected. Lastly, the survival function by cohort was exam-
ined. This function allows examining the probability of sur-
vival for participants over time.

Multivariable regression analysis

To assess a potential association between depressive symp-
toms and all-cause mortality, four models were fitted using 
Cox proportional hazard models [31], with participants with 
CIDI-SF < 5 as the reference group. The aim of the study 
and the nature of the outcome—time-to-event—make Cox 
survival analysis an appropriate method to use [32]. Firstly, 
a model adjusted by age and sex (model 1) was built, then it 
adjusted for marital status and SES variables (model 2), after 
that, health behavioural variables were added (model 3) and, 
lastly, adjustments for chronic diseases were made (model 
4). Interactions between the exposure, age and gender were 
examined but no evidence of such interactions was found.

One of the key aspects of Cox proportional hazard model 
is the proportional hazard assumption. This was assessed 
by examining log–log plots, including a time interaction in 
the model, performing the non-zero slope of the Schoenfeld 
residuals test [33] and graphically examining scaled Sch-
oenfeld residuals. The assumption was tested in the fully 
adjusted model.

Sensitivity analyses

Sensitivity analyses were carried out to assess potential 
biases in the study. To assess representativeness of the ana-
lytical sample, a comparison with excluded participants by 
survey was made using chi-square or chi-square for trend. To 
examine a potential reverse causality, we excluded those who 
died in the first 6 months. These models were adjusted only 
by age and sex to avoid statistical power issues. All analyses 
were done using RStudio version 1.4.

Results

Sample characterization

For the 2003 (n = 3,151) and 2010 (n = 3,749) cohorts, 
there were 25,505 and 30,578 person-years of observation, 
respectively. About 16% of the sample in each cohort had 
depressive symptoms. For illustrative purposes, age was 
categorized into three groups: 18–44, 44–65 and 65 + years 
old. The age range of participants was 18 to 100 years old 
at baseline. There were some slight differences in the char-
acteristics of the analytical samples for the two cohorts 
(Table 1). The main difference related to SES: the 2010 
cohort had a lower proportion of unemployed people and 
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a higher proportion of people with 13 + years of education 
compared to the 2003 cohort. The bivariate association 
between the different variables and mortality was assessed 
through Kaplan–Meier plots. Supplementary Fig. 1 shows 
the Kaplan–Meier plots for each variable. Results of these 
plots suggest that groups with poorer health or lower SES 
tend to have shorter survival over time.

Mortality characterization

In total, 633 participants (315 and 318 in the 2003 and 
2010 cohort, respectively) died during the 8.5-year follow-
up. The all-cause data suggested a gradual divergence in 
mortality between cohorts in absolute terms. The propor-
tion of people who died was very similar after a 2-year 
follow-up, but this difference increased over time. People 

from the 2003 cohort had higher mortality—of about 
1.5%—compared to the 2010 cohort. (Table 2) Details of 
the proportion of deaths by covariates can be found in Sup-
plementary Table 1. The highest proportion of deaths for 
each covariate was for the category of males, being older, 
being widowed/divorced participants, being retired, having 
less than 8 years of education, not engaging in physical 
sport, not smoking, having HBP, type-II diabetes in both 

Table 1  Sample characterization of the analytical sample by cohort

Variable Category 2003 Cohort
n = 3,151

2010 Cohort
n = 3,749

n (%) Person-years Deaths per 
1,000 person-
years

n (%) Person-years Deaths per 
1,000 person-
years

Depressive symptoms
(CIDI-SF ≥ 5)

Non depressed 2,638 (83.7) 21,401 12.2 3,136 (83.7) 25,605 10.4
Depressed 513 (16.3) 4,104 13.4 613 (16.4) 4,973 10.5

Sex Females 1,721 (54.6) 13,988 11.4 2,227 (59.4) 18,219 9.5
Males 1,430 (45.4) 11,517 13.5 1,522 (40.6) 12,359 11.7

Age groups (years) 18–44 1,344 (42.7) 11,399 0.8 1,742 (46.5) 14,742 0.9
45–64 1,024 (32.5) 8,517 5.5 1,282 (34.2) 10,607 6.8
65 + 783 (24.9) 5,590 46.3 725 (19.3) 5,230 44.6

Marital status With partner 1,866 (59.2) 15,273 9.7 2,203 (58.8) 18,124 8.2
Widowed/Divorced 529 (16.8) 3,929 34.4 712 (19.0) 5,498 24.4
No Partner 756 (24.0) 6,303 4.9 834 (22.2) 6,956 5.2

Years of education 13 + 389 (12.4) 3,279 2.4 738 (19.7) 6,186 3.6
8–12 1,144 (36.3) 9,552 5.1 2,012 (53.7) 16,675 5.9
Less than 8 1,618 (51.4) 12,675 20.4 999 (26.7) 7,717 25.7

Working status Employed + Student 1,396 (44.3) 11,744 2.7 2,046 (54.6) 17,151 3.7
Homemaker 935 (29.7) 7,638 10.9 912 (24.3) 7,578 6.1
Retired 433 (13.7) 3,035 50.4 578 (15.4) 4,196 41.9
Unemployed 387 (12.3) 3,088 15.2 213 (5.7) 1,653 20.0

Physical activity 3 + times weekly 262 (8.3) 2,208 3.6 274 (7.3) 2,306 2.2
1–2 times weekly 305 (9.7) 2,546 5.5 280 (7.5) 2,370 0.8
 < 4 times per month 131 (4.2) 1,096 2.7 172 (4.6) 1,438 4.2
No sport 2,453 (77.9) 19,656 14.8 3,023 (80.6) 24,463 12.5

Smoking Non-smoker 2,052 (65.1) 16,332 16.6 2,395 (63.9) 19,291 13.5
Smoker 1,099 (34.9) 9,173 4.8 1,354 (36.1) 11,287 5.1

High-blood pressure (HBP) No 2,068 (65.6) 17,056 7.3 2,694 (71.9) 22,391 5.3
Yes 1,083 (34.4) 8,449 22.5 1,055 (28.14) 8,187 24.3

Type II Diabetes No 2,832 (89.9) 23,176 10.0 3,392 (90.48) 27,851 8.6
Yes 319 (10.1) 2,329 36.1 357 (9.52) 2,727 28.6

Table 2  Number and percentage of all-cause mortality by follow-up 
time and cohort

CNHS 2 years 5 years 8.5 years

2003 (N = 3,151) 77 (2.44%) 174 (5.52%) 315 (10.00%)
2010 (N = 3,749) 68 (1.81%) 169 (4.51%) 318 (8.48%)
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2003 and 2010, while those with depressive symptoms had 
a higher proportion of deaths compared to those without 
these symptoms only in 2003. Unlike the Cox models pre-
sented in a later section, this examination does not take 
confounding into account.

Survival function examination

Mortality by cohort was assessed with the survival func-
tion. Figure 1 compares the survival function of the 2003 
and 2010 cohort within the 8.5-years follow-up period. The 
survival function seems to be lower for the 2003 cohort than 
for the 2010 cohort. After the follow-up period, there was a 
90% and a 91.5% of survival probability, respectively. Nev-
ertheless, the overlapping of confidence intervals between 
cohorts suggests that the survival functions are statistically 
indistinguishable.

Cox Models for the association between depressive 
symptoms and all‑cause mortality with an 8.5‑year 
follow‑up

Table 3 shows the estimated hazard ratio (HR) for the asso-
ciation between depressive symptoms and all-cause mortal-
ity for all models. Model 1, adjusted by age and sex, suggests 
a positive association between depressive symptoms and 
all-cause mortality in both cohorts. Those with depressive 
symptoms had 1.58.

(95% CI 1.18–2.13) and 1.65 (95% CI 1.22–2.23) times 
the risk of mortality compared to those without such 
symptoms in 2003 and 2010, respectively. Subsequent 

adjustments for marital status and SES variables (model 2) 
substantially attenuated the estimated effect size. Those with 
depressive symptoms had 1.54 (95% CI 1.11–2.02) and 1.56 
(95% CI 1.14–2.12) times the risk of mortality compared to 
those without depressive symptoms in the 2003 and 2010 
cohorts, respectively. Further adjustment for physical activ-
ity and smoking (model 3) slightly attenuated the effect, 
as the estimated HR for these models were 1.49 (95% CI 
1.10–2.00) and 1.52 (95% CI 1.11–2.06) in 2003 and 2010, 
respectively. Lastly, adjustments for the presence of HBP 
and diabetes attenuated the estimated effect (model 4). For 
the 2003 cohort, those with depressive symptoms had 1.42 
(95% CI 1.05–1.92) times the risk to die at any point during 
the 8.5-year follow-up period than those without depressive 

Fig. 1  Survival function by 
CNHS cohort

Table 3  Association between depressive symptoms and all-cause 
mortality with an 8.5-year follow-up by cohort

Model 1 Model adjusted for sex and age. Model 2 Model additionally 
adjusted for area of residence, marital status and the SES variables of 
education and working status. Model 3 Model additionally adjusted 
for the behavioural variables of physical activity and smoking. Model 
4 Model additionally adjusted for the comorbidities of high-blood 
pressure and diabetes.

2003 cohort
(n = 3,151)

2010 cohort
(n = 3,749)

HR (95% CI) P-value HR (95% CI) P-value

Model 1 1.58 (1.18 – 2.13) 0.002 1.65 (1.22 – 2.23) 0.001
Model 2 1.50 (1.11 – 2.02) 0.008 1.56 (1.14 – 2.12) 0.005
Model 3 1.49 (1.10 – 2.00) 0.010 1.52 (1.11 – 2.06) 0.008
Model 4 1.42 (1.05 – 1.92) 0.022 1.46 (1.07 – 1.99) 0.017
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symptoms. 2010 participants with depressive symptoms 
had 1.46 (95% CI 1.07 –1.99) times risk of mortality over 
the analyzed period compared to those without such symp-
toms. In the fully adjusted model, the data suggest that the 
effect of depressive symptoms on mortality was very similar 
between the older (2003) and newer (2010) cohort. Based 
on the small difference in the estimated effect, evidence for 
a secular trend in the association between depressive symp-
toms and all-cause mortality of Chilean adult population is 
very limited.

Supplementary Table 2 contains the estimated HR for all 
covariates in the fully adjusted model for the 2003 and 2010 
cohorts. In these models, being older, male, unemployed, 
retired, not engaging in physical activity, and having dia-
betes were associated with a higher risk of mortality com-
pared to participants who were younger, female, employed, 
physically active or did not have diabetes in fully adjusted 
models. The variables with the largest effect on mortality 
were age, employment status and sex. 1-year increase in age 
was associated with 1.09 (95% CI 1.08–1.10) times the risk 
of dying, unemployed participants had up to 3.35 (95% CI 
2.13–5.26) times the risk of mortality compared to employed 
participants and males had up to 1.61 (95% CI 1.24–2.08) 
times the risk of mortality compared to females; after adjust-
ing for all other variables. Lastly, there was no evidence of 
a violation of the proportional hazard assumption of Cox 
models in the fully adjusted model.

Sensitivity analyses

The comparison of the sample excluded due to missing data 
and the analytical sample of the two cohorts showed good 
agreement between them. There is no evidence that excluded 
participants had systematically poorer health than the ana-
lytical sample. The sensitivity analysis excluding those 
who died in the first 6-months of the follow-up—to assess 
reverse causality—supported our findings. Moreover, only 
one of the excluded participants died from reasons other than 
health. Details on the estimates of this sensitivity analysis 
can be found in Supplementary Table 3. The estimated HR 
for the effect of depressive symptoms on all-cause mortality 
was somewhat attenuated in this analysis, yet it was robust 
to the aforementioned exclusion of participants.

Discussion

The present study is the first to assess the association 
between depressive symptoms and all-cause mortality in the 
Chilean population. The mortality risk remained elevated for 
those with depressive symptoms after adjusting for demo-
graphic, SES, behavioural and chronic conditions in the 8.5-
year period analysed. There was consistent evidence of an 

increased risk of all-cause mortality for those with depres-
sive symptoms compared to those without such symptoms 
in both cohorts, suggesting no secular effect. This study adds 
to the body of literature suggesting a higher risk of mortal-
ity of depressed individuals compared to those without this 
condition. Moreover, this is the first study conducted in not 
one but two nationally representative samples from a Latin 
American country and, as far as we know, the first one to 
assess the association between depressive symptoms and 
mortality in a country that transitioned from a LMIC to a 
HIC. This study suggests that the elevated risk of mortality 
is similar regardless of the economic development stage in 
Chile.

The results from our work agree with the hypothesis of a 
higher risk of all-cause mortality for depressed individuals 
compared to those without. This hypothesis has been pre-
viously tested with mostly positive results, however, these 
studies had the limitations previously discussed in the back-
ground section [2, 5]. Our fully adjusted estimates are lower 
than Cuijpers’ review estimate [2] but the latter was attenu-
ated after removing outliers and adjusting for publication 
bias (RR 1.58 95% CI 1.51–1.65). Compared to literature 
from LMIC, the estimates from our work also tended to be 
smaller. After adjusting for outliers and publication bias, 
the review of the topic from LMIC reported a pooled RR of 
1.60 (95% CI 1.37–1.86). Nevertheless, when only studies of 
high-quality are considered, the estimate decreased to 1.48 
(95% CI 1.32–1.67).

Although pooled estimates from the literature tend to be 
larger in size than that estimated from our work, when criti-
cally assessed and adjusted for relevant factors, there is a 
much better agreement with our results. Most estimates from 
the literature are only adjusted by age and sex [4] and do not 
address the limitations described in the background, such as 
measurement of exposure, sample size, type of population, 
follow-up length, publication bias, outliers and adjustment 
for confounders [5, 11]. When only age and sex adjustments 
are considered, model 1, our estimate shows good agreement 
with the estimate from Cuijpers’ review after adjustments for 
publication bias and outliers. The estimates of the associa-
tion between depression and mortality in the literature are 
relatively similar when elements such as quality of stud-
ies and variables adjusted for are considered [2, 8]. This 
strengthens the generalisability of our results and suggests 
that, rather than specific mechanisms that influence all-cause 
mortality, more generic mechanisms drive the association 
between depression and mortality [2].

The association between depression and mortality is 
hypothesized to be explained by two non-mutually exclusive 
mechanisms: biological dysregulation and unhealthy behav-
iours [3]. The former suggests that depression causes changes 
at the biological level, such as alterations in inflammatory 
responses [34], in the hypothalamic–pituitary–adrenal 
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(HPA) axis [35, 36], cortisol levels [37] and noradrenaline 
levels [38] and these biological changes increase the risk 
of mortality. The latter encompasses unhealthy behaviours 
ranging from lack of physical activity [39, 40], smoking 
[41, 42] to alcohol and drug abuse [43, 44]. In turn, these 
behaviours associated with depression, increase the risk 
of mortality. In this paper, the effect of certain unhealthy 
behaviours—smoking and physical activity—and chronic 
diseases strongly associated with unhealthy behaviours—
diabetes and HBP—was accounted for. Thus, the estimated 
effect of depression on all-cause mortality in our model 
was independent of these factors. However, if unhealthy 
behaviours, such as lack of exercise, mediate the associa-
tion between depression and mortality, adjusting for chronic 
conditions also associated with those unhealthy behaviours 
could potentially lead to overadjustment of our results [45]. 
The comparison of models with and without adjustments for 
unhealthy behaviours shows an inconsequential attenuation 
of the estimated effect, suggesting that, after accounting for 
depressive symptoms, demographic and SES variables, these 
unhealthy behaviours have little effect on all-cause mortal-
ity in our data. On the other hand, adjustment for chronic 
diseases strongly linked to unhealthy behaviours showed a 
small attenuation of the estimated effect between depression 
and mortality. Therefore, a potential overadjustment due to 
consideration of potential mediators in the model was con-
sidered to be negligible.

Despite some consistency in the positive association 
between depression and mortality reported in the literature 
[4, 46], Machado et al. emphasized that quality of studies 
could influence the size of this association [5]. This is true to 
some extent, as evidence from Machado’s and other reviews 
suggest a larger effect of studies of low-quality compared 
to high-quality studies. Nevertheless, in sensitivity analysis 
adjusted for comorbidities in community samples, the evi-
dence from the umbrella review [5] still provides evidence 
for a positive association between depression and mortality, 
with a reported effect size similar to our work (RR 1.38, 95% 
CI 1.29–1.47). It has also been posited that the increased 
mortality risk among depressed individuals is caused by 
other physical disorders that in turn cause depression [7]. 
However, both our estimate for the effect of depressive 
symptoms on mortality was robust to adjustment for chronic 
diseases and our sensitivity analysis excluding those who 
died in the first six months to address reverse causality sup-
port the robustness of the results that depression increases 
mortality risk.

Strengths

There were several strengths in this study. This is the 
first Latin American study on the topic to be conducted 
on two nationally representative samples, enhancing the 

generalisability of its results at the national level. There is 
also potential for replicability of this study in other countries 
from Latin America. Mexico, for example, has good-quality 
data from surveys similar to the ones used in these analy-
ses [47] and can assess the association between depressive 
symptoms and all-cause mortality in the Mexican popula-
tion. Moreover, both cohorts had a large sample size and 
there were enough deaths to ensure an appropriate power for 
this study and the use of two cohorts also allowed examina-
tion of potential secular trends. The main exposure showed 
a remarkably stable effect on mortality. By restricting the 
follow-up up to 8.5 years, reasonable comparisons between 
cohorts could be made, as there is evidence of changes in the 
estimated effect size according to the length of the follow-
up period [2]. Attrition has been consistently identified as a 
limitation in prospective studies [48]. As the mortality data 
of CNHS’ participants were linked using administrative data 
and not by contacting all participants at follow-up, attrition 
was not a limitation. Furthermore, this study used reliable 
data. Diabetes and HBP were ascertained through physiolog-
ical measurements made by a nurse instead of self-reporting. 
One of the most consistent limitations highlighted in the lit-
erature was the lack of adjustment for relevant confounders. 
In this paper, a wide variety of confounders was included 
from different domains: demographic, socioeconomic, 
lifestyle variables and chronic conditions. The attenuation 
between model 1 and the fully adjusted model suggested 
that these adjustments—especially the SES variables—were 
relevant to assess the association between depression and 
mortality.

Limitations

There were, however, some limitations to this study. Some 
pertinent variables were unavailable or had high level of 
missingness and could not be used in the analysis, such as 
diet, cardiovascular diseases, Alzheimer’s disease, chronic 
obstructive pulmonary disease, and other mental health con-
ditions [2, 5]. Therefore, residual confounding cannot be 
discarded. Also, although the survival probability of each 
cohort seemed to diverge over time, the overlapping of the 
estimated confidence intervals at the end of the examined 
period does not allow us to say that they are different. The 
instrument for measuring our exposure was not a struc-
tured psychiatric interview, but rather a screening instru-
ment. This has the potential limitation of misclassification 
of subjects compared to the gold standard. However, there 
is evidence that the used instrument shows a high level of 
agreement with structured psychiatric interviews [29]. The 
measurement of depressive symptoms at baseline could 
reflect either an acute state at the moment of interview or 
the presence of a more chronic condition. The trajectories of 
depressive symptoms cannot be ascertained by our design, 
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consequently, it was not possible to assess how much of 
the estimated effect of depressive symptoms on mortality 
is due to an acute or repeated depressive episodes. Public 
health policies could focus on either prevention—if the 
mere presence of depression increases risk of mortality—
or management of depressive episodes if repeated episodes 
are more relevant for mortality. Overadjustment based on 
including potential mediators in the association between 
depressive symptoms and mortality could underestimate 
the true association. However, as previously discussed, the 
potential overadjustment due to the inclusion of potential 
mediators of unhealthy behaviours and chronic conditions 
in the models 3 and 4, respectively, was judged to be negli-
gible based on the small attenuation of the estimates in our 
analyses. The potential bias due to the incompleteness of 
mortality records was addressed by examining the quality 
of the data in terms of cause and number of deaths. Overall, 
there was a relatively constant number of deaths over time 
and a similar proportion in causes of death by cohort. The 
small differences in these aspects were considered irrelevant. 
Lastly, there is some evidence of a difference in the effect of 
depression on mortality depending on the cause of mortality 
and gender [46]. Our analysis did not consider these aspects 
solely based on a lack of power to detect significant differ-
ences for a more specific outcome, such as cardiovascular 
mortality, or by gender.

Conclusion

This study showed a similar effect of depressive symptoms 
on mortality between the 2003 and 2010 cohorts of Chil-
ean population over an 8.5-year period. The effect size was 
similar in size despite the economic development of Chile 
and similar in size to what has been reported in other high-
income Western countries. Future research in this population 
could focus on assessing the effect of trajectories of depres-
sive symptoms on mortality through a design that considers 
data collection at more points over time.
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