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Abstract

Education is protective against cognitive impairment. We used nationally represen-

tative data from Mexico and Brazil to assess the association between education and

cognitive function. The sample included adults≥ 50 years from theBrazilian Longitudi-

nal StudyofAging (ELSI) and theMexicanHealth andAging Study (MHAS). Participants

were classified as cognitively impaired or not impaired. We used logistic regression

models to estimate the association between education and cognitive function. Edu-

cation level was higher in MHAS than in ELSI. Participants with at least 1 year of

educationwere less likely to have cognitive impairment than thosewith no formal edu-

cation in both cohorts.Men inELSI hadhigher odds for cognitive impairment compared

to men in MHAS. In both cohorts, higher educational level was associated with lower

odds of cognitive impairment compared to no formal education. Sex was an effect

modifier inMHAS but not in ELSI.
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HIGHLIGHTS

∙ Cognitive test batteries were harmonized using a regression-based approach.

∙ Even very low levels of education were associated with reduced odds of cognitive

impairment compared to no formal education.

∙ Brazilians were more likely to have cognitive impairment than Mexicans given the

same education level.

∙ The differences in the association of education with cognition between Brazil and

Mexico were only observed amongmen.
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1 INTRODUCTION

The estimated number of people living with dementia will triple by

2050, increasing from 57.4 million to 153 million.1 Currently, 58.0%

of people living with dementia live in low- to middle-income coun-

tries (LMIC), and this prevalence is expected to reach 68.0% in 2050.2

Latin America (LA) is the region with the highest burden of dementia

worldwide, with a prevalence of 8.5%.3 Currently, there is no avail-

able treatment for dementia.4 However, it is estimated that 40% of

dementia cases could be prevented or delayed by controlling 12 mod-

ifiable risk factors.4 Low education was the most important risk factor

for dementia in LA, with 7.7% of dementia cases attributable to lower

education in Brazil and 13.5% inMexico.5,6

Cognitive reserve refers to the ability of the cognitive processes

to withstand brain insult with little or no loss in performance.7 Cog-

nitive reserve is built over the life course through dynamic processes

as a consequence of exposure to education, occupation, and leisure-

time activities.7 Education is an early surrogate marker of cognitive

reserve and is a predictor of better cognitive performance both in early

andmiddle ages, and higher educational attainment is a protective fac-

tor against cognitive decline and dementia.8,9 In a previous study that

included several LMICs, low educational attainment was associated

with higher incidence of dementia.10 Additionally, results fromMexico

have shown that there is a sex gap in education, with women achiev-

ing lower educational attainment thanmen.11 However, few studies on

this topic were conducted in LA. Most research on education and cog-

nitive function has been conducted in high-income countries, where

the average years of education are higher (≥12 years) and the edu-

cation quality is more homogeneous than in LMIC.12,13 In 2019, the

average years of education for adults aged ≥ 25 years was 8.0 in Brazil

and 8.8 in Mexico.14 In 1970, 33.7% of people ≥ 15 years in Brazil and

25.8% inMexicowere illiterate.15,16 In2000, following theworld trend,

these numbers had lowered to13.6% inBrazil and9.5% inMexico.15–17

While in Brazil the percentage of illiteracy is similar in both sexes

(12.3% for women and 12.4% for men), in Mexico illiteracy is higher in

women (11.3%) than in men (7.4%).15,16 Education quality is also a rel-

evant issue for older adults in LA. For example, Brazilian older adults

that report higher education (for example, those completing middle

andhigh school),mayhave a literacy returnbelow the expected for that

level of education. Brazilian national data indicate that 49.0% of adults

≥ 50 years are likely to be functionally illiterate and 35.0% have an

elementary school literacy level.18 The same is true for Mexico, where

50.0%of adults aged16 to65 years have functional illiteracy,with simi-

lar levels in other Latin American countries, such as Chile, Ecuador, and

Peru.19

Given the lower levels of education in LA and the heterogeneous

quality of education for older adults, the protective effect of educa-

tion on cognition may differ in these countries. Thus, it is important

to investigate the association of education in LA to extend the find-

ings of previous studies. Brazil and Mexico are the largest countries

of LA and, despite differences in language and cultural heritage, they

have faced similar societal challenges, such as high prevalence of illit-

eracy, historical sex inequality in access to education, and low quality

RESEARCH INCONTEXT

1. Systematic review: Education is a predictor of better cog-

nitive performance and is protective against dementia

according to studies from high-income countries.

2. Interpretation: Using nationally representative samples

from Brazil and Mexico, we found that even low levels of

education (1–4 years) were associatedwith lower odds of

cognitive impairment. Brazilian men had higher odds of

cognitive impairment than Mexican men, in all education

levels.

3. Future directions: Other studies from low- and middle-

income countries focusing on education quality and sex

differences are needed to understand the benefits of

education on cognitive function in these settings.

of education.15–17 Furthermore, there is a 200% expected increase in

dementia cases in Brazil andMexico from 2019 to 2050, which are the

largest contributors to the dementia burden in LA. Although previous

studies with convenience samples have investigated the association

between education and cognitive performance in these countries, no

study to date has investigated this association in a sample representa-

tive of older adults in Brazil and Mexico.10,11 Therefore, we aimed to

investigate the association between educational attainment and cog-

nitive performance in older adults using two nationally representative

LMIC samples, Brazil (n= 9412) andMexico (n= 14,779).

2 METHODS

2.1 Study samples

Weuseddata from twoHealth andRetirement Study (HRS) sister stud-

ies, the Brazilian Longitudinal Study of Aging (ELSI) and the Mexican

Health andAging Study (MHAS). TheHRS sister studies were designed

to be similar to the original HRS to facilitate cross-national compar-

isons, while also having distinct characteristics that were developed to

be culturally and linguistically appropriate, as well as tailored to their

respective samples.20 ELSI is an ongoing longitudinal survey of Brazil-

ian adults aged ≥ 50 years and the baseline survey was conducted in

2015 and 2016 and included adults born in 1965 or earlier.21 MHAS

is an ongoing longitudinal survey of Mexican adults aged ≥ 50 years.

Wave 1 was collected in 2001 and included adults born in 1951 or ear-

lier. Four follow-up waves were conducted in 2003, 2012, 2015, and

2018,with refresher cohorts added to the2012 (born1952–1961) and

2018 (born 1962–1968) waves.22 Data 2015 was used for this study,

which represents Wave 1 of the ELSI and Wave 4 of the MHAS. The

analytical sample included adults aged ≥ 50 years, who participated

in the proxy or direct interviews (details about the interviews are in

supporting information).
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2.2 Education

The independent variable was education, measured as total years of

formal education in the MHAS and as categories describing the high-

est grade completed in the ELSI. We transformed the ELSI education

categories into total years of education to harmonize with the MHAS

variable (Table S1 in supporting information). Education had a non-

linear association with cognitive impairment in both studies (Figure S1

in supporting information). Therefore, we report our results using four

categories of education (0, 1–4, 5–8, > 8 years of education) based

on the countries’ education levels (elementary, middle, and high school

and above).

2.3 Cognitive function

The study outcome was cognitive function. The cognitive func-

tion module of the MHAS and ELSI studies for direct interviews

was adapted from the Cross Cultural Cognitive Examination

(CCCE).23

The cognitive assessment in the 2015 ELSI wave included the 10-

word list immediate and delayed recall, temporal orientation (day,

month, year, and day of the week), semantic verbal fluency (animal

category), prospective memory (remember to write one’s initials after

finishing another test), and semanticmemory questions (two questions

about common items and two questions about current politics). The

cognitive assessment in the 2015MHASwave included the 8-word list

immediate and delayed recall, visual scanning, immediate and delayed

constructional praxis, temporal orientation (day, month, year), seman-

tic verbal fluency (animal category), counting backward from 20 to 11,

and serial 7s. The detailed descriptions of the tests used in both studies

can be found in the supporting information. While the CCCE cogni-

tive battery was translated and culturally adapted, some tests that

evaluated the same cognitive domain in each study were applied dif-

ferently. Additionally, translations of word recall lists may introduce

heterogeneity.23 Due to difficulties in harmonizing the cognitive bat-

tery in the ELSI andMHAS, we opted to categorize participants in each

study as cognitively impaired or not impaired.

We created a global cognitive z score for each study using the

available tests. First,wecreateda z score for the individual tests by sub-

tracting the participant’s score in each test from the mean test score

and dividing this result by the standard deviation (SD) of the test. We

then calculated the mean z score for all of the tests and standardized

this mean to create the global cognitive score.

We selected a normative sample (MHAS, n = 4321; ELSI, n = 3074)

to provide regression-based norms for the cognitive assessment in

each study.24 The normative subsample included only participants

without (1) history of stroke; (2) complaints about memory or instru-

mental activities of daily living; (3) depressive symptoms according to

the Center for Epidemiological Scale-Depression (CESD-9, cut-off of

5 points for MHAS, and CESD-8, cut-off of 4 points for ELSI);25,26 (4)

regression-based classification of dementia in 2012 for MHAS, or self-

reported history of Alzheimer’s disease for ELSI; (5) missing cognitive,

age, education, or sex data (Figure S2 in supporting information).

We performed a linear regression for the global cognitive score

adjusted for age, sex, and education, and used the coefficients to cal-

culate the predicted global cognitive score for the entire sample. The

predicted score was subtracted from the individual’s actual score to

calculate the residual score, which was then divided by the standard

deviation of the residuals (rootmean square error) from the normative

sample regression. This final z score was used to classify the individual

into two cognitive categories.24

Participants were classified into cognitive impairment (yes vs. no)

according to their cognitive status. Cognitive impairment for direct

interviewswas defined as a cognitive z score lower or equal to−1.5 SD

from the z score of the normative sample.24 The cognitive functionwas

also assessed in an interviewwith a proxywhen the participantwas not

able to answer the in-person evaluation using the shortened version

of the 16-item Informant Questionnaire on Cognitive Decline in the

Elderly (IQCODE) in both studies (details about the score in supporting

information).27 Cognitive impairment for proxy interviewswas defined

as an IQCODE score above or equal to the cut-off of 3.4.27 Next, we

combined the results of the direct and proxy interviews to classify the

participants’ cognitive function into cognitively impaired or not.

Missingness of cognitive test data can bias the analyses toward

younger, more educated, and healthier participants.28 Thus, we per-

formed an imputation of the cognitive test data for both direct and

proxy interviews using multiple imputations by chained equations

(MICE).29 Table S2 in supporting information shows the number of

missing data that was imputed for each of the cognitive tests (details

in supporting information).

2.4 Covariates

Sociodemographic covariates included age as a continuous variable

and sex. Clinical covariates were self-reported previous diagnosis of

hypertension, cardiovascular disease, stroke, diabetes, and depression

(measured with the CES-D as previously described). Lifestyle variables

included smoking (never, former, current), current alcohol consumption

(yes or no), and body mass index (BMI) calculated as weight in kilo-

grams divided by height in meters squared. Missing covariate values

were imputed usingMICE.29

2.5 Statistical analyses

Descriptive analyses were presented as mean and SD for continuous

variables and as percentages for categorical variables. The difference

in covariates in theMHASandELSI studieswere described using t tests

for continuous variables and chi-square for categorical ones.

We used logistic regression to evaluate the association between

education and cognitive impairment separately for each cohort. Mod-

elswere adjusted for sociodemographic, clinical, and lifestyle variables.
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Wealso investigated themodifyingeffect of sex andcountry separately

on the association between education and cognitive impairment by

adding an interaction termbetween education and eachmodifier in the

fully adjustedmodel. To investigate themodifying effect of both cohort

and sex on the association between education and cognitive impair-

ment, we added a three-way interaction term for education, sex, and

country in the fully adjustedmodel.30,31

We verified if the harmonization and subsequent analyses were

affected by the different domains evaluated by each cohort’s cogni-

tive test battery by performing two sensitivity analyses. First, we used

only the common cognitive tests in the direct interview for both stud-

ies (temporal orientation, immediate and delayed recall, and verbal

fluency) to categorize participants as impaired or not and repeated

the logistic regression to evaluate the association between education

and cognitive impairment separately for each cohort. Second, we per-

formed a linear regression using the continuous z scores from the

common tests of the direct interviewonly as theoutcome in the regres-

sion, and calculated a global cognitive z scoreby calculating themeanof

the common tests’ z scores and standardizing this mean. We also per-

formed an additional analysis using five education categories (0, 1–4,

5–8, 9–11, and ≥ 12 years of education) based on the countries’ edu-

cation levels (elementary, middle, high school, and college education or

more).

Descriptive analyses accounted for the sampling design of the ELSI

and MHAS studies, and were weighted using the survey weights pro-

vided by each study, plus stratum and cluster for ELSI. Regression

analyses were unweighted. The alpha level was set at 5%. All statistical

analyses were performed using R version 3.6.3.32

3 RESULTS

3.1 Sample characteristics

Data from 9412 participants from the ELSI and 14,779 participants

from the MHAS were analyzed. The mean age for the ELSI partici-

pants was 62.5 (9.8) years, 53.9% were women, median (interquartile

range [IQR]) years of educationwas 4 (2–10), with 13.3%having no for-

mal education. The mean age (SD) of the MHAS participants was 64.8

(9.7) years, 55.3% were women, median (IQR) years of education was

6 (2–9), with 17.7% having no formal education. MHAS participants

were more likely to be older, female, and havemore years of education

compared to ELSI participants (Table 1).

A total of 6.0% of ELSI participants and 5.0% of MHAS participants

were classified as cognitively impaired (Figure 1). Participants who

were cognitively impaired were more likely to be older, women, and

have depressive symptoms compared to participants who were not

impaired in both studies (Table S3 in supporting information). ELSI and

MHAS participants who were cognitively impaired were more likely

to have no formal education compared to participants who were not

impaired (Table S3).Womenweremore likely to have no formal educa-

tion, higher BMI, hypertension, and depressive symptoms than men in

both studies (Table S4 in supporting information).

TABLE 1 Characteristics of the Brazilian Longitudinal Study of
Aging (ELSI) and theMexican Health and Aging Study (MHAS).

ELSI

n= 9412

MHAS

n= 14,207 P

Age, mean (SD) 62.5 (9.8) 64.8 (9.7) < 0.001

Female, % 53.9 55.3 0.208

Education, median (IQR) 4 (2–10) 6 (2–9) < 0.001

Education categories, % < 0.001

0 years 13.3 17.7

1–4 years 38.3 25.5

5–8 years 21.5 27.7

> 8 years 26.9 29.1

BMI, mean (SD) 27.8 (5.3) 27.3 (4.9) < 0.001

Hypertension, % 52.2 43.8 < 0.001

Diabetes, % 15.2 22.0 < 0.001

Cardiovascular disease, % 5.5 3.2 < 0.001

Alcohol consumption, % 18.8 25.2 < 0.001

Smoking, % < 0.001

Never 45.6 76.2

Former 37.3 4.5

Current 17.0 19.3

Depression, % 33.6 31.1 < 0.001

Abbreviations: BMI, bodymass index; IQR, interquartile range; SD, standard

deviation.

3.2 Association between education and cognitive
impairment

Compared to the group with no formal education, all education cate-

gories had lower odds of cognitive impairment in both studies (Table 2).

Similar results were obtained using five categories for education (Table

S5 in supporting information), using only the common cognitive tests in

both cohorts (word list, temporal orientation, and semantic verbal flu-

ency) for the regression-based categorization (Table S6 in supporting

information), or the continuous z scores of the common tests (Table S7

in supporting information).

There was a modifying effect of sex on the association between

education and cognitive impairment in the MHAS (P for interac-

tion = 0.048), but not in the ELSI (Figure 2 and Table S8 in supporting

information). Women in the MHAS were more likely to have cogni-

tive impairment than men with the same level of education (Figure 2

and Table S8). There was also a significant difference in the associ-

ation between education and cognitive impairment by cohort (P for

interaction < 0.001), where MHAS participants with more than 1 year

of education had lower odds of cognitive impairment than the ELSI

participants (Figure 3). The three-way interaction of sex, cohort, and

education was also significant (P for interaction < 0.001). Men in the

MHAShad loweroddsof cognitive impairment than themen in theELSI

at all levels of education but therewas no difference forwomen (Figure

S3 in supporting information).
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F IGURE 1 Percentage of cognitive impairment by cohort according to the type of interview. ELSI, Brazilian Longitudinal Study of Aging;
MHAS,Mexican Health and Aging Study

TABLE 2 Association between categories of years of education and cognitive impairment.

ELSI

Unadjusted Model 1 Model 2

Education

categories OR (95%CI) P OR (95%CI) P OR (95%CI) P

0 1 (Reference) 1 (Reference) 1 (Reference)

1–4 0.371 (0.304; 0.453) < 0.001 0.450 (0.367; 0.551) < 0.001 0.458 (0.396; 0.595) < 0.001

5–8 0.252 (0.191; 0.329) < 0.001 0.395 (0.296; 0.551) < 0.001 0.438 (0.329; 0.579) < 0.001

>8 0.266 (0.206; 0.339) < 0.001 0.428 (0.329; 0.555) < 0.001 0.488 (0.372; 0.637) < 0.001

MHAS

Unadjusted Model 1 Model 2

Education

categories OR (95%CI) P OR (95%CI) P OR (95%CI) P

0 1 (Reference) 1 (Reference) 1 (Reference)

1–4 0.300 (0.251; 0.359) < 0.001 0.362 (0.301; 0.435) < 0.001 0.357 (0.295; 0.430) < 0.001

5–8 0.166 (0.134; 0.205) < 0.001 0.266 (0.212; 0.329) < 0.001 0.294 (0.236; 0.364) < 0.001

>8 0.126 (0.099; 0.159) < 0.001 0.262 (0.203; 0.336) < 0.001 0.308 (0.238; 0.395) < 0.001

Abbreviations: CI, confidence interval; ELSI, Brazilian Longitudinal Study of Aging;MHAS,Mexican Health and Aging Study; OR, odds ratio.

Model 1: Unweighted logistics regression adjusted for age and sex.

Model 2: Unweighted logistics regression additionally adjusted for alcohol consumption, smoking, diabetes, hypertension, cardiovascular disease, bodymass

index, and depression.
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F IGURE 2 Associations between education categories and cognitive impairment in the (A) Brazilian Longitudinal Study of Aging (ELSI) and (B)
Mexican Health and Aging Study (MHAS). P-values represent the interaction between education and sex
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F IGURE 3 Association between education categories and cognitive impairment by cohort. ELSI, Brazilian Longitudinal Study of Aging. MHAS,
Mexican Health and Aging Study. P-values for the interaction between education and cohort

4 DISCUSSION

In a representative sample of 14,779 participants from the MHAS

and 9,412 participants from the ELSI, more years of education were

associated with lower odds of cognitive impairment in both cohorts.

Compared to having no formal education, even very low levels of edu-

cation (1–4 years) were associated with reduced odds of cognitive

impairment. Sex and cohort were effect modifiers for the association
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between education and cognitive impairment. Those in the ELSI were

more likely to have cognitive impairment than those in theMHAS even

at higher levels of education, but this difference was only observed

amongmen.

Our findings are in line with several studies showing that low edu-

cational achievement is associated with cognitive impairment.33,34

Nevertheless, 68.8%of older adults in LA have low education (less than

4 years).5 Moreover, it is estimated that 11.0% of dementia cases in LA

are attributable to low education, with this estimate reaching 13.5%

in Mexico and 7.7% in Brazil.5,6 Our study shows that even at low lev-

els, havingmore education is associatedwith reduced odds of cognitive

impairment. Most studies evaluating the association between years

of education and cognitive performance have focused on high-income

countries with relatively high educational attainment (≥ 12 years).35

Other evidence using non-nationally representative data from LMICs,

where the average years of education is lower than 8 years and the

prevalence of illiteracy is high, also shows that very low levels of edu-

cation were associated with higher cognitive performance compared

to no formal education.10 Therefore, our study adds to the evidence

that even at low levels, additional years of education are beneficial to

cognitive function.

We found an interaction of sex on the association between educa-

tion and cognitive impairment in theMHAS, but not in theELSI.Women

had higher odds of cognitive impairment compared to men with the

same education level in the MHAS. Women in Mexico suffer socioe-

conomic disadvantages that may impact their cognition in later life,

such as less access to health care and overall lower socioeconomic

level compared to men.36 Additionally, women in LA suffer persistent

expectations of traditional gender roles, with low incentives to achieve

higher education and work outside of the home.36 A recent study

showed that sex differences in cognitive performance decreased over

19 years of follow-up, as women achieved higher levels of education,37

which suggests that higher cognitive reservemight lowerdementia risk

to a higher extent inwomen thanmen.38 Therefore, the sex differences

we found in this studymay be due to differences in education level and

quality between older men andwomen.

Our finding that the MHAS participants had lower odds of cogni-

tive impairment than participants from the ELSI with the same level

of education was surprising. The median years of education among

older adults in our sample was 4 years for ELSI and 6 years for MHAS,

which are close to the official national estimates but may not com-

pletely explain our findings.39,40 Furthermore, years of education may

not reflect education quality, and, consequently, may not reflect better

cognitiveoutcomes.41 AlthoughBrazil andMexico increasededucation

investments during the early 1900s and particularly during the eco-

nomic boom and rapid urbanization beginning in the 1950s, there are

profound differences in the education systems in Brazil and Mexico.17

In Mexico, secondary schooling was made compulsory only in 1992,

whereas in Brazil basic education (from primary school to high school)

was guaranteed as free for all since the 1946 Constitution, and regu-

lated by law since 1971.42–44 Although we do not have data for quality

of education in our cohorts, recent data show that Brazil is among the

worst performers in mathematics in LA.45 Although the share of stu-

dents reaching advanced learning outcomes is low in both countries,

this number is higher in Mexico.46 Finally, Brazil’s education quality

is lower than Mexico’s as measured by different institutions.47 These

data suggest that although compulsory education in Brazil has been

in place longer, quality of education may be higher in Mexico. Cul-

tural and linguistic differences between Brazil and Mexico may also

play a role in the observed country difference. Moreover, cognitive

processes are universal, but theymay be differently applied due to cul-

tural differences.48 Finally, although both cognitive test batteries are

derived from the CCCE they may not be completely comparable and

our cognitive impairment classificationmight not be equivalent in both

samples.23

Practice effects in the MHAS may also play a role in the different

associations by cohort, as we used data from wave 4 in the MHAS and

wave 1 in the ELSI. Previous studies have demonstrated that practice

effect may introduce artificial differences in cognitive performance in

different cohorts.49 Finally, the difference between both studies seems

to be driven by men. The men in the ELSI had a higher prevalence of

hypertension and cardiovascular disease than the men in the MHAS,

which may help explain the differences between studies. Evidence

suggests that cardiovascular risk factors are associated with cogni-

tive impairment and dementia.4 However, we adjusted the models for

these factors, suggesting that unmeasured confounding, including dif-

ferences indiagnostic anddisease control betweenboth countries,may

partially explain the higher odds of cognitive impairment in the ELSI

compared to theMHAS.

Despite these caveats, this study has several strengths. First, it

adds important evidence on the association of education and cogni-

tive performance in the two countries. Thirteen and eighteen percent

of the samples had no formal education, and even at low levels, hav-

ingmore years of educationwas associatedwith lower risk of cognitive

impairment. This is also the first study comparing the association of

educational attainment and cognitive impairment in nationally repre-

sentative samples from the two largest countries in LA, Mexico and

Brazil, which account for half of the population in the region.50 We also

useddata thatwere collected in the sameyear in both countries, reduc-

ing cohort bias. Our study also has some limitations. First, the cognitive

test batteries of the ELSI and the MHAS assess different cognitive

domains, and our harmonization method may not identify cognitive

impairment homogeneously in both samples. Nevertheless, we were

able to include all tests from both studies in our cognitive impairment

classification. Our methodology also allowed the inclusion of proxy

responders because the IQCODE has an established cut-off to cate-

gorize participants. Second, our classification of cognitively impaired

and not impaired depended on several self-reported variables, and we

cannot exclude the possibility of undiagnosed conditions. Third, this

study is cross-sectional and therefore, we cannot determine causal-

ity. Finally, although we adjusted the models for several clinical and

sociodemographic variables, we cannot exclude the possibility of bias

from unmeasured confounders.

In conclusion, low levels of education were associated with lower

odds of cognitive impairment compared to no formal education in

ELSI and MHAS. Sex plays a critical role in the association between



8 of 9 GONÇALVES ET AL.

education and cognitive impairment. Men in ELSI have particularly

high odds for cognitive impairment compared to men in MHAS, even

at higher levels of education. Future longitudinal studies in LMICs

are needed to confirm our findings, examine the trajectories of cog-

nitive deterioration, and guide public policies to prevent cognitive

impairment in these countries.
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