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A B S T R A C T   

Purpose: The globally increasing older population raises concerns about age-related conditions, including 
cognitive impairment and depressive symptoms. In Latin America, nearly one-third of the population is affected 
by either of these conditions. However, data investigating the association between cognitive impairment and 
depressive symptoms, particularly in Brazil, are limited to small-scale studies that have not carefully examined 
the critical effects of variables such as education level and socioeconomic status on this relationship. We aimed at 
exploring this association in a representative population-based cohort. 
Methods: We used the Brazilian Longitudinal Study of Aging (ELSI-BRAZIL) database to examine the relationship 
between depressive symptoms and cognitive impairment in Brazilian older adults, adjusted for potential con
founders. Direct acyclic graphs and multivariable linear regression were used to build our model. Depressive 
symptoms were measured using a short version of the Center for Epidemiologic Studies Scale (CES D-8), and 
combined memory recall test as a surrogate of cognitive impairment. 
Results: The study included 8280 participants. Only education level was identified as a confounder for the 
relationship between memory loss and depressive symptoms. After adjusting for age, sex, and education level, 
there was strong evidence for a negative association between depressive symptoms and memory performance. 
For every 5-unit increase in the CES D-8 score, there was a reduction in memory capacity, translating to a loss of 
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approximately one word in the combined words recall test (mean − 0.18, 95% CI -0.22; − 0.15, P < 0.001). In 
addition, we found strong evidence for an interaction between socioeconomic status and depressive symptoms. 
Subjects belonging to medium socioeconomic status (SES) showed more pronounced memory decline, when 
compared to those with lower SES (mean − 0.28, 95% CI -0.42 to − 0.14, P < 0.001). 
Conclusions: In adults aged over 50, after adjusting for sex, age, and educational level, a 5-unit increase in CES D- 
8 score is associated with loss of one point in the combined memory recall test. This association seems to be 
confounded by educational level and significantly modified by socioeconomic status.   

1. Introduction 

The association between depression and cognitive impairment in the 
older population has been well-established over the years. Depression 
and cognitive impairment share common risk factors, such as cardio
vascular and cerebrovascular comorbidities, alongside underlying 
pathophysiological mechanisms, including plaque deposition and al
terations in brain microRNA patterns. (1,2) Early studies suggested that 
depressive symptoms can serve as the initial manifestation of cognitive 
impairment, develop as a psychological effect of perceiving cognitive 
impairment, (3,4) or be a consequence of cumulative less meaningful 
cognitive engagement over the years because of depression-related 
behavioral modifications. (5) Additionally, severe or prolonged 
depression has been linked to a higher risk of dementia. (6) On the other 
hand, the causality could be in the other direction: cognitive impairment 
leading to depression. (1) 

Even though the relationship between depression and cognitive 
impairment seems to be well established, there are important factors 
that might confound this relationship, including educational level and 
socioeconomic status (SES). Since these factors are substantially more 
important in Latin America, given the high rates of low educational level 
and SES, it is important to re-examine the relationship between 
depression and cognitive impairment in populations in Latin America. 
(7) 

In recent years, there has been a demographic shift marked by an 
increase in the older population. As individuals age, cognitive decline 
becomes more evident. (8) In Latin America alone, the prevalence of 
cognitive impairment reaches up to 34%, possibly due to the increased 
presence of modifiable risk factors when compared to high-income 
countries. (9) Concurrently, mental health conditions, including 
depression and depressive symptoms, have emerged as highly prevalent 
conditions within this demographic population, and are associated with 
an increase in age. (10) Moreover, the average prevalence of depression 
is approximately 32%, surging even higher in developing nations to 
around 40%. (11,12) In Brazil, the prevalence of depressive symptoms in 
individuals >65 years is estimated to be 37.2%, which is higher than the 
reported in developed countries. (13) 

This demographic shift together with the complex relationship be
tween depression and cognitive decline in the older population un
derscores the necessity of further exploring this association. The 
majority of studies investigating the link between depressive symptoms 
and cognition, specifically in Brazil, are limited to small-scale studies 
using convenience sampling methods. (14,15) Moreover, studies of 
larger sample sizes overlooked the evaluation of this association. For 
instance, in a study investigating the risk factors associated with sub
jective cognitive decline, depressive symptoms were excluded from the 
analysis. (16) Therefore, we aimed to investigate the relationship be
tween depressive symptoms and cognitive impairment, measured by 
memory test in a large population–based sample, the Brazilian Longi
tudinal Study of Aging (ELSI-Brazil) wave 1. The main objective was to 
study depressive symptoms as the exposure factor for individuals 
interviewed in the ELSI-Brazil study and assessing memory loss as the 
main marker of cognitive impairment. In addition, we investigated the 
potential confounders and effect modifiers in this relationship. 

2. Materials and methods 

2.1. Materials 

All variables were extracted from the open-access ELSI-Brazil ques
tionnaire. (17) This questionnaire was designed to explore factors 
associated with aging in adults aged 50 years or older across five 
geographic regions in Brazil (north, north-east, center-west, south, and 
south-east), spanning 70 municipalities. The sampling method used a 
design with selection stages, combining stratification of municipalities, 
census tracts, and households to ensure a representative cohort of urban 
and rural areas including small, medium, and large cities. Participants 
provided a informed consent approved by the IRB of the original study. 
(17) 

The original dataset comprised 1083 variables, including potential 
outcomes and independent variables. These variables were distributed 
in the following sections: Section E (sociodemographic characteristics), 
Section F (neighborhood), Section G (discrimination), Section H (life 
and health history), Section I (work and retirement), Section K (family 
members support), Section L (health behaviors), Section M (women's 
health), Section N (general health and diseases), Section O (oral health), 
Section P (disability), Section Q (cognition), Section P (depressive 
symptoms), Section S (psychosocial), Section T (use of medications), 
Section U (use of health services) and physical measurements. A 
comprehensive description of the original dataset can be found in the 
individual and household interview questionnaires, which are readily 
available on the internet [https://elsi.cpqrr.fiocruz.br/en/home-engli 
sh/questionnaires/]. 

2.2. Data cleaning 

Each variable within the ELSI questionnaire was individually 
assessed to determine association with cognition from both clinical and 
biological perspectives. Those variables found unrelated were subse
quently removed. Categorical variables were recoded when deemed 
appropriate, and category levels with few observations were merged 
with the adjacent category, provided that the recoding was pertinent 
from a clinical standpoint. The variables included in this study after the 
data-cleaning process are listed in Supplementary Material 1. 

2.3. Main outcome 

We defined memory loss as a surrogate outcome for cognitive 
impairment. Memory loss was measured by recording the number of 
words recalled by the interviewee after the interviewer presented a 
deliberately lengthy list of 10 words. Following the reading, the inter
viewee was asked to promptly repeat the words, and a score from 0 to 10 
was recorded (immediate recall test). Subsequently, the interviewee 
engaged in two tasks: listing as many recalled names of animals as 
possible within one minute and writing the initials of their name on a 
piece of paper. After completing these tasks, the interviewee was asked 
to list again the initial 10 words, and a score from 0 to 10 was also 
recorded (delayed recall test). The time elapsed between the immediate 
and delayed recall test was approximately 5 min. Finally, a combined 
score ranging from 0 to 20 was generated by summing the scores ob
tained from immediate recall and delayed recall tests. We used this 
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combined score as a surrogate outcome for cognitive impairment based 
on previous literature that pointed to both immediate and delayed word 
recall tests as predictors of cognitive decline. (18) This variable, here
after referred to as combined words recall test (CWRT), was treated as 
continuous for analysis purposes. 

2.4. Main exposure 

In our study, we used the eight-item version of the Center for 
Epidemiological Studies Depression Scale (CES D-8) as a validated tool 
for assessing depressive symptoms experienced by participants in the 
last week. The scale included eight questions related to general feelings 
experienced during the week, including feelings of depression, feelings 
that things were more difficult than they used to be, sleep issues, 
happiness, loneliness, enjoyment of life, sadness, and feeling unable to 
carry out tasks. (19) These items were included in the ELSI questionnaire 
with four possible answers: yes, no, does not apply, or did not know/did 
not answer. After excluding participants for whom these questions did 
not apply, and participants who did not answer the questions, we 
generated a score from 0 to 8, based on the number of positive answers 
obtained. The variable CES D-8 was treated as continuous for the main 
analysis. 

2.5. Covariates 

Sociodemographic covariates included age, self-reported sex, race, 
educational level, and SES. Household income per capita was used to 
stratify participants into their SES, utilizing as reference the year of 
2014. (20) Clinical covariates included self-reported previous diagnoses 
of hypertension, stroke, and diabetes. Obesity was defined by a body 
mass index exceeding 30 kg per square meter, calculated using weight 
and height measured during the study interview. Lifestyle variables 
encompassed smoking, current alcohol consumption, and physical ac
tivity level. Social connectivity factors, such as meeting with relatives 
and talking with children. Sensorial factors comprising self-reported 
vision and hearing impairments were also incorporated. 

3. Methods 

The present study was reported according to the STROBE guidelines. 
(21) In order to investigate the available evidence, we conducted a 
Medline search for population-based epidemiological studies, using the 
search terms: (“cognition disorders, memory, cognitive dysfunction”[
Mesh] OR) AND (“depressive symptoms, mood disorder” [Mesh] OR) 
AND (“aged, adult” [MESH] OR) AND (“Brazil”), without language or 
publication date restrictions. All analyses were conducted with Stata® 
18.0 (StataCorp. 2023, College Station, TX). 

3.1. Descriptive analysis 

For descriptive purposes, all available observations were included, 
following a complete-case analysis approach. All descriptive data were 
summarized with mean and standard deviation, with prior confirmation 
of the normal distribution of outcomes. Additionally, categorical vari
ables were described in frequency and proportions. 

3.2. Data analysis 

In accordance with the proposed objectives of this study, we sought 
to develop an exploratory explanatory model. The following variables 
were identified as potential theoretical confounders for the relationship 
between depressive symptoms and cognitive function: age, sex, alcohol, 
smoking, physical activity, hearing impairment, vision impairment, 
education level, SES, conversation with relatives, conversation with 
children, race, diabetes, hypertension, stroke, and obesity. 

Direct acyclic graphs (DAGs) were sketched to explore the 

association between cognitive function and depressive symptoms, and 
all potential confounders listed above (Supplementary material 2). The 
DAGs were created using DAGitty 3.0 software. (22) 

The study involved constructing DAGs to identify potential con
founders, colliders, and mediators. An unadjusted model was developed, 
including the CES D-8 score as exposure and the CWRT as outcome. Age 
and sex were included a priori due to their clinical and biological 
importance. Thus, a baseline linear regression model was constructed 
with CWRT as a continuous outcome, and CES D-8, age, and sex as 
explanatory variables. Potential confounders were added sequentially to 
the baseline model using a forwards selection strategy. Variables with a 
change in estimates (CIE) exceeding 10% were considered confounders 
for the relationship between cognitive function and depressive symp
toms. A multivariable linear regression model adjusted for surveys was 
developed, including the main exposure, age, sex, and confounders 
identified as variables with CIE > 10%. 

We also explored potential interactions in the adjusted model. In 
particular, we hypothesized that sex, race, physical activity and SES 
could modify the relationship between CES D-8 and CWRT. 

In evaluating the assumptions for linear regression, histograms, and 
qnorm plots were obtained for CWRT and CES D-8 to determine 
normality, scatterplots representing CWRT and CES D-8 were generated 
to evaluate linearity, and residuals were plotted against CES-D8 values 
to assess homoscedasticity. 

In a sensitivity analysis, a saturated model was constructed including 
all variables identified as potential confounders in the DAGs. This 
saturated model, along with a baseline model including only age and sex 
as predictor variables, was compared with our proposed model, in order 
to check the robustness of the results. In addition, we compared the 
results when including CES D-8 as a continuous or binary variable. To 
this end, the variable CES D-8 was categorized according to the presence 
of non-severe (CES D-8 from 0 to 3) or severe (CES D-8 from 4 to 8) 
depressive symptoms. (19) We also included interaction terms in the 
adjusted model between CES D-8 score and sex, race, physical activity 
and SES as potential effect modifiers in the relationship between 
depressive symptoms and memory in our population. Finally, the E- 
value was calculated to assess the robustness against unmeasured con
founding. (23) The code used in STATA to perform all analyses are 
presented in Supplementary material 4. 

4. Results 

4.1. Study population 

A total of 9412 participants were included in the ELSI wave 1 cohort. 
Among these, 1132 were excluded for not being the primary respondent 
for the survey or having missing data concerning depressive symptoms 
(Fig. 1). Consequently, the final sample comprised 8280 participants, 
with a mean age of 62.7 +/− 9.5 years. Of these participants, approxi
mately half were female (56.2%), self-identified as belonging to the 
brown racial category (47.6%), and had an educational background of 
<4 years (53.1%). Moreover, the majority of participants were classified 
within the SES strata of D/E (90%). The analysis revealed a mean CES D- 
8 score of 4 ± 1.8, with 53.3% of participants exhibiting severe 
depressive symptoms. The baseline characteristics including de
mographics, motor, sensorial, and the presence of comorbidities were 
described based on the presence or absence of severe depressive symp
toms (Table 1). 

4.2. Association between depressive symptoms and memory 

Four models were constructed to explore the relationship between 
depressive symptoms and memory. The unadjusted model demonstrated 
a negative association between memory and CES D-8 score, yielding a 
coefficient of − 0.23 (95% CI -0.28; − 0.18, P < 0.001). The baseline 
model, adjusted for sex and age, revealed an amplified influence of CES 
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D-8 score on memory, with a coefficient of − 0.27 (95% CI -0.31; − 0.23, 
P < 0.001). In the multiple linear regression adjusted model, only 
educational level was identified as a confounder and independent pre
dictor in the relationship between depressive symptoms and memory, 
with a coefficient of − 0.18 (95% CI -0.22; − 0.15, P < 0.001) (Table 2). 
Lastly, in the saturated model including all variables, the model revealed 
a negative effect for every unit increase in the CES D-8 score (coefficient 
− 0.15, 95% CI -0.19; − 0.11, P-value<0.001). (Supplemental material 
3). 

4.3. Effect modification 

We identified SES as an effect modifier for the relationship between 
depressive symptoms and memory (Fig. 2). Participants categorized in 
the SES stratum C presented a more pronounced decrease on the CWRT 
for each unit increase on the CES D-8 scale when compared with par
ticipants categorized in the strata D/E. Accordingly, individuals in the 
SES stratum C showed an average reduction of 0.43 words for every unit 
increase in depression symptoms. On the other hand, among those in 
SES strata D/E, there was an average reduction of 0.15 words for every 
unit increase in depressive symptoms. Sex, race, and physical activity 
presented no effect modification in the relationship between depressive 
symptoms and memory loss. 

4.4. Sensitivity analysis 

Sensitivity analyses showed a negative association between the CES 
D-8 category and words combined scores, indicating that the group with 
severe depressive symptoms is associated with lower scores (coefficient 
− 0.63, 95% CI -0.77; − 0.49, P-value<0.001). Similarly, negative as
sociations were demonstrated in various age categories, suggesting a 
decline in scores with advancing age. Men showed lower scores 
compared to women. In contrast, higher education levels (1–4, 5–8, >8) 
were positively associated with words combined scores. All reported 
coefficients were statistically significant (p < 0.001). The model's R- 
squared value was 0.26, indicating 26% of the variance in words com
bined scores was explained by the predictors. 

The E-value for the model including CES D-8 as categorical variable 
as exposure and adjusted for sex, age and educational level was 1.68, 
with a lower bound of the 95% confidence interval 1.56. Thus, with the 

Fig. 1. Flowchart of patients included in the analysis.  

Table 1 
Baseline characteristics of the study sample, according to the presence of non- 
severe vs. severe depressive symptoms.  

Variable CES D-8* (0–3) 
(N = 3871, 46.7%) 

CES D-8* (4–8) 
(N = 4409, 53.3%) 

Age (years)   
50–54 902 (23.5) 1146 (26.1) 
55–59 744 (19.3) 742 (20.7) 
60–64 695 (18.1) 588 (16.9) 
65–69 574 (14.9) 425 (13.4) 
70–74 439 (11.4) 425 (9.7) 
75–79 285 (7.4) 336 (7.7) 
80–84 137 (3.6) 179 (4.1) 
≥85 71 (1.9) 66 (1.5) 

Sex   
Female 1868 (48.3) 2788 (63.2) 
Male 2003 (51.7) 1621 (36.8) 

Race   
White 1614 (43.2) 1495 (35.3) 
Black 350 (9.4) 445 (10.5) 
Brown 1665 (44.6) 2132 (50.3) 
Yellow 38 (1.0) 41 (1.0) 
Indigenous 67 (1.8) 126 (3.0) 

Education (years)   
None 495 (12.9) 708 (16.2) 
1–4 1400 (36.3) 1773 (40.4) 
5–8 750 (19.5) 949 (21.7) 
≥8 1208 (31.3) 954 (21.8) 

SES †
E (0 - R$ 1254) 2689 (69.5) 3521 (79.9) 
D (R$ 1255 - R$ 2004) 653 (16.9) 562 (12.7) 
C (R$ 2005 - R$ 8640) 486 (12.5) 311 (7.1) 
B (R$ 8641 - R$ 11,261) 19 (0.5) 10 (0.2) 
A (> R$ 11,262) 24 (0.6) 5 (0.1) 

Physical activity §
None 1238 (32.4) 1637 (37.6) 
Mild 1232 (32.3) 1246 (28.6) 
Moderate 1050 (27.5) 1147 (26.3) 
Vigorous 301 (7.9) 326 (7.5) 

Alcohol consumption   
Never 2623 (67.8) 3339 (75.7) 
Less than once a month 251 (6.5) 248 (5.6) 
Once a month or more 995 (25.7) 822 (18.6) 

Smoking   
Never 1736 (44.9) 1991 (45.2) 
Current or past smoker 2135 (55.1) 2418 (54.8) 

Diabetes 575 (14.9) 735 (16.8) 
Hypertension 1871 (48.4) 2477 (56.3) 
Obesity (BMI > 30 kg/m2) ‡ 1052 (27.9) 1309 (30.6) 
Stroke 120 (3.1) 267 (6.1) 
Hearing Self-assessment   

Good or very good 2880 (74.4) 2939 (66.7) 
Regular, bad or very bad 991 (25.6) 1470 (33.3) 

Vision Self-assessment (far and near)   
Good or very good 2134 (55.1) 1659 (37.6) 
Regular, bad or very bad 1737 (44.9) 2750 (62.4) 

Conversation with children   
Never or less than once a year 364 (12.2) 426 (12.2) 
Less than monthly 141 (4.8) 181 (5.2) 
Monthly 302 (10.2) 355 (10.2) 
Weekly 2163 (72.8) 2525 (72.4) 

Meet with relatives   
Never or less than once a year 560 (15.0) 792 (18.7) 
Less than monthly 1066 (28.7) 1262 (29.8) 
Monthly 690 (18.6) 846 (20.0) 
Weekly 1402 (37.7) 1332 (31.5) 

*Short version of Center for Epidemiologic Studies Depression Scale, (reference). 
† Monthly per-capita income, in Brazilian reals. ‡ Body mass index. § None: ≤3 
times a week of 10-min walk; mild: >3 times a week of 10-min walk; moderate: 
>3 times a week of moderate exercise; vigorous: >3 times a week of vigorous 
exercise. SES: Socioeconomic status.  
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obtained effect size of − 0.11 in the combined recall test, an unmeasured 
confounder that was associated with both the CES D-8 score and the 
combined recall test by a risk ratio of 1.68-fold each -above and beyond 
the measured confounders- could explain away the estimated effect size. 

5. Discussion 

In our study, depressive symptoms were associated with memory loss 
in adults older than 50 years old, in a population with high prevalence of 
low educational level and SES. Depressive symptoms were associated 
with memory loss in adults older than 50 years old. Whereas sex and age 
were independent predictors of memory in this cohort, educational level 
was a confounder for the association of depressive symptoms and 
memory. In addition, educational level was an independent predictor of 
memory. Compared with no formal education, participants with at least 
1 year of education presented a better memory. Furthermore, SES was an 
effect modifier for the association between depressive symptoms and 
memory, participants presenting higher SES had a steeper decline for 
depressive symptoms increasing when compared with individuals with 
lower SES. 

The results of this study should be interpreted from a clinical 
perspective, as it is well-known that statistical significance does not 
necessarily imply clinical relevance. While the achievement of statistical 
significance was facilitated by the large sample size in this study, 
whether a change of 0.18 words in the CWRT is relevant, needs a clinical 
interpretation. Stated in a different way, according to our adjusted 
model, for every 5-points increase in the CES-D8 scale, a reduction of 
approximately 1 word in the CWRT is expected. To the best of our 
knowledge, there are no previous studies reporting effect size in terms of 
CWRT. Thus, the comparison of our effect size with previous literature is 
limited to existing studies employing similar scores. For example, it has 
been suggested that a minimal clinically important difference would be 
represented by a change of 1.6 points in a Mini-Mental State examina
tion, 1.5 points in an Alzheimer's Disease Assessment Scale delayed 
recall test, and 1.4 points in the animal fluency test. (24) Another study 
described as meaningful change of 1–3-point decrease in Mini Mental 
State Examination, 1–2-point increase in Clinical Dementia Scale sum of 
boxes, and 3–5-point increase in Functional Activities Questionnaire. 
(25) Accordingly, a decrease of 0.18 words in the CWRT which repre
sents an effect size of 0.11 should be interpreted as a small effect size. 

Our findings are aligned with previous studies investigating the as
sociation between depressive symptoms and memory loss. (26–28) For 
example, in an ongoing longitudinal study, Wilson et.al suggested that 
the risk of Alzheimer's disease was increased in patients with depressive 
symptoms, measured with CES D-8 score. (27) More recently, Zollinger 
et al. suggested that depressive symptoms were associated with a higher 
prevalence of cognitive decline, in a German population. (26) Finally, in 
a study involving Brazilian subjects, cognitive and functional impair
ment were associated with higher levels of depressive symptoms. (28) 

In addition, age and self-reported sex were independent predictors of 
memory decline in the ELSI population. Interestingly, it has been pro
posed that maintaining a sex-gender perspective is crucial, as, for 
example, it has been observed that depression in old men is associated 
with lower cognitive function. (29) On the other hand, a recent meta- 
analysis found no clear difference in dementia incidence for sex, and 
the prevalence of dementia was higher in older women probably due to 
longer lives and inequality in education. (30) In a retrospective study 
from Brazil, there was a higher odds of dementia in women when 
compared with men (OR 2.5), which contrasts with our findings. (31) 
This disparity may be explained by differences in the incidence of 
episodic memory impairment, higher in males than in females. (32) 

Table 2 
Two multivariable linear models exploring the association between depressive symptoms (measured with a short version of Center for Epidemiologic Studies 
Depression Scale, CED–D8), and memory (measured with mean combined words recall test, MCWR). The unadjusted model yielded a MCWR of − 0.23 (95% CI -0.28 
to − 0.18, p-value <0.001). The results of a saturated model, including all potential confounders, is provided in Supplementary Material 3.  

Variable Baseline Model (R2 = 0.14) Adjusted Model (R2 = 0.26) 

MCWR 95% CI P-value MCWR 95% CI P-value 

CES D-8 − 0.27 − 0.32 to − 0.23 <0.001 − 0.18 − 0.22 to − 0.15 <0.001 
Age (years)       
50–54 0.00 – – 0.00 – – 
55–59 − 0.52 − 0.75 to 0.30 <0.001 − 0.28 − 0.48 to − 0.09 0.005 
60–64 − 0.94 − 1.22 to − 0.66 <0.001 − 0.58 − 0.82 to − 0.34 <0.001 
65–69 − 1.47 − 1.80 to − 1.15 <0.001 − 0.87 − 1.13 to − 0.61 <0.001 
70–74 − 2.18 − 2.52 to − 1.84 <0.001 − 1.41 − 1.71 to − 1.11 <0.001 
75–79 − 3.36 − 3.72 to − 3.01 <0.001 − 2.35 − 2.66 to − 2.02 <0.001 
80–84 − 4.02 − 4.50 to − 3.53 <0.001 − 3.12 − 3.59 to − 2.65 <0.001 
≥85 − 4.58 − 5.70 to − 3.99 <0.001 − 3.49 − 4.05 to − 2.92 <0.001 
Sex       
Female 0.00 – – 0.00 – – 
Male − 0.35 − 0.57 to − 0.13 0.002 − 0.33 − 0.53 to − 0.14 0.001 
Education (years)       
None – – – 0.00 – – 
1–4 – – – 1.32 1.09 to 1.55 <0.001 
5–8 – – – 2.25 1.97 to 2.53 <0.001 
>8 – – – 3.56 3.28 to 3.82 <0.001 

CI: Confidence Interval 

Fig. 2. Effect modification of two socioeconomic levels on the relationship 
between depression (measured with the Center for Epidemiologic Studies Scale, 
CES D-8) memory loss (measured with Combined Words Recall test). 
Socioeconomic level C: Monthly per-capita income ranging between 2005 and 
8640 Brazilian Reals. Socioeconomic level D/E: Monthly per-capita income 
<2005 Brazilian Reals. 
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5.1. Education level 

It has been suggested that the level of education is an essential factor 
to fully understand the relationship between depression and memory in 
older individuals. (33) Our study showed that education level was a 
confounder and independent predictor in the relationship between 
depressive symptoms and memory. As expected, participants having at 
least one year of formal education had a better performance in the 
words-recall test when compared with those with no formal education. 
In our study, we showed that when education level was introduced in 
the model, the beta coefficient for the relationship between depression 
and cognition was reduced by 0.09 points (reduced from 0.27 to 0.18). 

Given that subjects with lower education level have higher preva
lence of depression and cognitive impairment, and the relationship be
tween these two factors was found to be independent of education level 
in our study, it is important to consider policies to address preventive 
and treatment measures for depression and cognition in subjects with 
lower education level in Latin America. This emphasizes the importance 
of education policies not only for educational goals, but also as a pre
ventive measure to reduce to some extent depression and cognitive 
impairment. Indeed, in a large population-based study including in
dividuals from Mexico and Brazil, education was protective against 
cognitive impairment. Participants with very lower levels of education 
(1–4 years) compared with those with no formal education presented 
lower odds of cognitive impairment in both countries. (7) 

5.2. Socioeconomic status 

In our study, SES was an effect modifier for the relationship between 
depressive symptoms and memory. Individuals categorized in SES 
stratum C (Higher SES) exhibited a more pronounced decline in mem
ory, as measured by the CWRT, showing that for every unit increase in 
depressive symptoms, the decline was greater compared to individuals 
in SES strata D/E. Furthermore, individuals in the SES stratum C per
formed on average better in the CWRT, when compared with SES strata 
D/E (4.0 vs. 3.4, P < 0.001). 

The interaction found in our study can be explained by the fact that 
(i) individuals belonging to higher SES may have a better memory 
reserve, when compared to those belonging to lower SES, and (ii) 
depression might be a stronger predictor of memory loss in subjects 
categorized in high SES, when compared with those with lower SES, who 
may already have reduced memory reserve. 

A previous study conducted on European population investigating 
the association between cognitive decline and childhood socioeconomic 
condition, demonstrated a better cognitive function among those 
exposed to higher socioeconomic condition, but stronger cognitive 
decline among those with older age. (34) Moreover, in a study using the 
ELSI-Brazil cohort (2015–2016), authors concluded that social isolation 
and perceived loneliness have a negative impact on cognitive perfor
mance. Interestingly, authors found a weak association between social 
isolation/loneliness and cognitive performance in a sub-population of 
patients with severe depressive symptoms. In this study, the SES was not 
included as a covariate in the model, and therefore, the potential 
interaction of SES in the association between social isolation/loneliness 
and cognitive performance was not tested. (35) 

Another explanation of the SES interaction is that older adults with 
moderate SES still have an active job or belong to a family with active 
working activities compared to older adults in low-income families. This 
different family structures could influence the social support and social 
networking time of older adults. Previous studies have reported that 
people with a lower income tend to spend more time socializing with 
their neighbors and family members than those with a higher income, 
(36) this socialization time is considered a protective factor to the 
negative outcomes of depressive symptoms (37). Therefore, social sup
port differences related to different SES categories could explain our 
findings. However, in the present study this hypothesis was not 

explored. Future studies should investigate what protective factors 
present in Latin America lower income communities could explain the 
effect attenuation of depression symptoms in cognitive outcomes. 

5.3. Strengths 

The present study, involving Brazilian adults aged 50 and over, 
ensured reliability through validated memory evaluations, interviewer 
training, and pre-pilot studies. The findings are applicable to the broader 
population, allowing comparisons between Brazilian macroregions and 
other countries. Given the large sample size and the fact that this pop
ulation had on average low scores of education and SES level, it was 
possible to truly understand the effects of these two factors on the 
relationship of depression and cognitive impairment. 

5.4. Limitations 

The cross-sectional design of this study limits the ability to establish 
causation, and therefore, the directionality between depressive symp
toms and cognitive impairment remains unclear. The implications for 
every 5-points increase in the CES-D8 scale, a reduction of approxi
mately 1 word in the CWRT is expected of this uncertainty in the 
directionality of the associations described in this study should not be 
underestimated. For example, in examining the relationship between (i) 
physical activity, (ii) conversation with children, and (iii) conversation 
with relatives, with both the exposure (depression) and the outcome 
(memory loss), it becomes evident that these potential confounders 
could also act as colliders, depending on the directionality assumed for 
these associations. In our study, none of these variables were identified 
as potential confounders, and consequently, they were not included in 
our final model. Had they been identified as confounders; the posed 
paradox could only be solved with a longitudinal study. 

In addition, the presence of unmeasured confounders, which is im
plicit to any observational study, may have distorted the strength of 
association of our findings. In fact, the reported e-value of 1.68 suggests 
that it is plausible that our finding may be explained by unmeasured 
confounders. Thus, further research is needed to explore the association 
between depression and cognitive decline. 

The ELSI-Brazil dataset has been previously used for several research 
purposes. In our study, the results have not been adjusted for multiple 
testing, thus increasing the probability of type I error. The problem of 
multiple testing is ubiquitous in exploratory studies, and there is 
considerable debate as to whether the level of significance reported 
should account for the number of tests conducted. For example, 
concomitant results from similar studies have not been adjusted for the 
number of tests conducted in previous research. However, the strong 
level of evidence found for the association between depression and 
cognitive impairment implies that the probability of type I error remains 
low, even after adjusting for multiplicity of comparisons. Lastly, it is 
important to mention that immediate and recall memory scores were 
based on a single list of 10 words without a second trial, which may 
potentially limit the validity of the CWRT in this scenario. 

6. Conclusion 

Among the Brazilian population older than 50 years, depressive 
symptoms appear to be associated with memory loss, and this associa
tion seems to be confounded by educational level and vary among 
subjects with medium and low SES. The role of SES as an effect modifier 
for the association between cognitive function and depression, and the 
education level as a confounder for this relationship underscore their 
relevance for public health policy makers in Latin America to potentially 
include them in policies to decrease the burden of depression and 
cognitive impairment in Latin America. Future longitudinal studies are 
needed to confirm the directionality of our findings and to test public 
health programs to detect and prevent cognitive impairment in the 
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underserved population in Latin America. 
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