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Abstract

Objective: To estimate the prevalence of mild cognitive impairment (MCI) and its subtypes and
investigate the impact of midlife cardiovascular risk factors on late-life MCI among the aging
Mexican population.

Method: Analyses included a sample of non-demented adults over the age of 55 living in
both urban and rural areas of Mexico (N = 1807). MCI diagnosis was assigned based on a
comprehensive cognitive assessment assessing the domains of memory, executive functioning,
language, and visuospatial ability. The normative sample was selected by means of the robust
norms approach. Cognitive impairment was defined by a 1.5-SD cut-off per cognitive domain
using normative corrections for age, years of education, and sex. Risk factors included age,
education, sex, rurality, depression, insurance status, workforce status, hypertension, diabetes,
stroke, and heart disease.
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Results: The prevalence of amnestic MCI was 5.9%. Other MCI subtypes ranged from 4.2% to
7.7%. MCI with and without memory impairment was associated with older age (OR = 1.01 [1.01,
1.05]; OR = 1.03 [1.01, 1.04], respectively) and residing in rural areas (OR = 1.49 [1.08, 2.06];
OR =1.35[1.03, 1.77], respectively). Depression (OR = 1.07 [1.02, 1.12]), diabetes (OR = 1.37
[1.03, 1.82]), and years of education (OR = 0.94 [0.91, 0.97]) were associated with MCI without
memory impairment. Midlife CVD increased the odds of MCI in late-life (OR = 1.76 [1.19, 2.59],
which was driven by both midlife hypertension and diabetes (OR = 1.70 [1.18, 2.44]; OR = 1.88
[1.19, 2.97], respectively).

Conclusions: Older age, depression, low education, rurality, and midlife hypertension and
diabetes were associated with higher risk of late-life MCI among older adults in Mexico. Our
findings suggest that the causes of cognitive impairment are multifactorial and vary by MCI
subtype.

Keywords

Mild cognitive impairment; Cognitive aging; Neuropsychology; Mex-Cog; Mexican population;
MHAS

INTRODUCTION

By 2050, two-thirds of older individuals with dementia will live in low- and middle-income
countries (LMICs) (Patterson, 2018). As LMICs continue to experience a reduction in
mortality and improved healthcare access, it is critical to understand the factors that can
increase dementia risk, such as identifying those with mild cognitive impairment (MCI)
(Mathers & Loncar, 2006; Murray & Lopez, 1997).

Most widely used approaches to diagnose MCI in clinical trials (Stephan et al., 2013) and
population-based studies (Sosa et al., 2012) rely on limited neuropsychological assessment,
use a single test to define cognitive impairment, and self-reported memory complaints.
Compared to conventional “one-test” diagnostic approaches, using a full range of
neuropsychological measures with actuarial decision-making to classify MCI was associated
with less likelihood of reversal to cognitively normal status, reduced false-positive
diagnoses, incident dementia, and with Alzheimer’s disease (AD) biomarkers (Bondi et

al., 2014; Edmonds et al., 2015). Evaluating MCI prevalence with a neuropsychological
approach can help identify individuals at greater risk for dementia and improve our
understanding of the sociodemographic and health factors associated with MCI in LMICs.

Studies have used different diagnostic criteria to estimate the prevalence of MCI among
Mexican adults. Our group reported a 25% prevalence for cognitive impairment with

no dementia (CIND) using a brief cognitive screening test (the Cross-Cultural Cognitive
Examination (Mejia-Arango & Gutierrez, 2011; Mejia-Arango, Miguel-Jaimes, Villa, Ruiz-
Arregui, & Gutiérrez-Robledo, 2007)). The 10/66 Dementia Research Group (Prince et al.,
2007) reported a prevalence of 3.2% for the amnestic subtype of MCI using a brief cognitive
assessment (Sosa et al., 2012). With a comprehensive neuropsychological evaluation, Juarez-
Cedillo and colleagues estimated MCI prevalence at 6.45%. However, the study relied

on a single test per cognitive domain to diagnose MCI, and the study’s sample was

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 April 11.
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not representative of the general Mexican population as they were primarily insurance
beneficiaries living in Mexico City. To understand the prevalence and correlates of MCI
across the aging Mexican population, a large and representative sample of older adults is
needed.

Moreover, while accurately identifying MCI will aid in detecting those at greater risk
of dementia, midlife vascular factors can increase risk of MCI in late-life. For instance,
hypertension and diabetes in midlife are associated with late-life cognitive impairment
(Kivipelto et al., 2001; Launer et al., 2000). To date, it is unclear how midlife vascular
factors relate to risk of cognitive impairment among the aging Mexican population.

The Mexican Health and Aging Study (MHAS) started in 2001, with a nationally
representative sample of Mexican adults aged =50, designed to prospectively evaluate the
impact of disease on health, function, and mortality (Wong, Michaels-Obregon, & Palloni,
2015). In 2016, MHAS launched an Ancillary Study on Cognitive Aging in Mexico (Mex-
Cog) among a representative sub-sample of MHAS participants (Mejia-Arango et al., 2020)
with the primary goal to expand the knowledge about cognitive aging in Mexico through a
comprehensive cognitive assessment. The Mex-Cog study provides a unique opportunity to
estimate MCI in a large sample of Mexican adults with over 15 years of follow-up.

The primary goals of the current study are (i) to define diagnostic criteria for MCI in an
elderly Mexican population using an actuarial neuropsychological approach, (ii) to establish
the prevalence of MCI in late-life, (iii) to evaluate the association between MCI and
sociodemographic factors, and (iv) to evaluate the role of midlife vascular risk factors and
other health factors on MClI in late-life.

METHODS

Participants

Mex-Cog participants were a subsample of those who participated in the 2015 wave of
MHAS. Full study procedures and descriptions for MHAS have previously been reported
(Wong et al., 2015) and are highly comparable to the U.S. Health and Retirement Study
(Sonnega et al., 2014). Mex-Cog participants were 55 years and older, selected from eight
different Mexican states using stratified sampling procedures. The eight states were selected
to represent the national population using strata of states according to the following criteria:
socioeconomic (percent urban/rural, number of residents who are former migrants to the
United States) and health exposures (percent with obesity, diabetes, mine industry, and
pottery industry). Overall, 2042 participants were administered the Mex-Cog assessment.
The study was approved by the Institutional Review Boards of the University of Texas
Medical Branch in the United States and the National Institute of Public Health and the
National Institute of Statistics and Geography in Mexico. The research was completed in
accordance with the Helsinki Declaration.

The Mex-Cog study administers a harmonized cognitive assessment protocol currently used
by other ongoing population-based longitudinal studies of aging around the world (Langa et
al., 2020). As per Mex-Cog protocols (Mejia-Arango et al., 2020), participants who scored

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 April 11.
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<10 on a modified version of the Mini-Mental State Examination (MMSE) (Mex-Cog, 2018)
(n=102) were considered severely impaired and were not administered the full cognitive
battery, and therefore excluded from the analysis sample. Additional exclusion criteria
included missing demographic (7= 17) or neuropsychological data (n7= 23), and dementia
classification at their MHAS 2015 visit (7= 93). The sample for the prevalence analyses
included 1807 participants (89% of the initial sample). Figure 1 shows the flow chart for
the sample’s selection criteria. To evaluate the association of midlife vascular factors and
late-life MCI, we evaluated a subsample of participants who were in midlife at their MHAS
2001 visit (aged <65 years, n=758). Data on sociodemographic information (i.e., locality,
workforce status, healthcare availability, depressive symptoms) and an informant interview
were collected for all participants.

Cognitive Assessment

Participants completed a comprehensive cognitive assessment evaluating various cognitive
domains such as memory, language, visuospatial function, and executive functioning (Table
1). Information regarding the selection process of the items that were included in the
Mex-Cog cognitive battery can be found in their published protocols (Mejia-Arango et

al., 2020). In brief, cognitive tests were selected based on their suitability for in-home
application by trained interviewers, for their potential to be culturally adapted for rural

and low-educated populations in Mexico, and to maximize harmonization with the Health
and Retirement Study/Harmonized Cognitive Assessment Protocol study. All test scores
were standardized using the mean and standard deviation from the entire sample. Within
each cognitive domain, composite scores were calculated by averaging the zscores. A
confirmatory factor analysis indicated that this 4-factor structure model demonstrated good
fit (X2 = 925.399, df = 142; root mean square error of approximation (RMSEA) = .05;
comparative fit index (CFI) = .95; Tucker-Lewis index (TLI) = .94; standardized root mean
square residual (SRMR) = .04).

Cardiovascular Health Factors

Cardiovascular diseases (CVD) were self-reported dichotomous variables for hypertension,
diabetes, heart disease, and stroke. Participants were asked if a doctor or medical
professional ever told them they had any of the aforementioned diseases. These vascular
factors were obtained at each MHAS visit. For the midlife subsample, we defined the
presence or absence of each individual disease in 3 categories: (1) “none” if they denied the
disease in both 2001 and 2012, (2) “late-life disease” if a disease was denied in 2001 but
endorsed in 2012, and (3) “midlife disease” if a disease was endorsed since 2001. Similarly,
we created an overall CVD category that represented presence of 1 or more diseases in either
midlife, late-life, or none at all.

Sociodemographic Factors

The MHAS 2015 visit collected data on locality, i.e., whether the participant resides in urban
or rural areas based on community population density cut points using standard values used
by INEGI. Locality was categorized into: (1) 100,000+ residents, (2) between 15,000 and
99,999 residents, (3) between 2500 and 14,999 residents, and (4) <2500 residents. For the
current study, we dichotomized locality in urban areas (=100,000 population size) versusall

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 April 11.
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other groups. Current workforce status was ascertained by self-report (unemployed, retired,
or employed). Health care availability was defined as whether participants have access or not
to health insurance (governmental or private). Participants also answered questions regarding
depressive symptoms using a modified version of the Center for Epidemiologic Studies
Depression Scale (Aguilar-Navarro, Fuentes-Cantu, Avila-Funes, & Garcia-Mayo, 2007).
Participants were categorized as having elevated depressive symptoms based on previously
established cut-offs (=5) (Aguilar-Navarro et al., 2007).

Informant Interview

The Mex-Cog protocol included an interview with someone familiar with the behavior

and health of the participant, most frequently a spouse, an adult child, or a caregiver. The
Mex-Cog informant instrument included 28 items from the Community Screening Interview
for Dementia (Hall et al., 1993) that asks about the participant’s performance in everyday
living, and an adapted version of the History and Aethiology Scale (Dewey & Copeland,
2001) to assess history of cognitive decline. Greater detail on the informant interview can
be found on the Mex-Cog methodological document (Mejia-Arango et al., 2020; Mex-Cog,
2018).

Regression-Based Neuropsychological Test Norms

To determine cut-off for cognitive impairment, we selected a normative sample. Developing
relevant normative data is critical because the use of appropriate norms improves diagnostic
and descriptive accuracy (Busch & Chapin, 2008). To define our normative sample,

we used a robust norms approach. An ideal robust norms approach would include
participants who do not develop dementia over time. However, due to the lack of follow-up
cognitive data for Mex-Cog participants, we used the informant report to infer absence of
clinically significant cognitive decline. The normative sample excluded participants who
met criteria for impairment in their MHAS 2015 visit (i.e., CIND, dementia), reported
stroke, severe depressive symptoms, and those with significant cognitive decline according
to the informant’s report. Significant cognitive decline was operationalized as the informant
endorsing any of the following items on the Community Screening Interview for Dementia
measure: (1) regularly forgets names of family members; (2) regularly uses wrong words;
(3) regularly forgets when they last saw informant; (4) forgets what happened the day
before; (5) forgets where he/she is; (6) gets lost in their own neighborhood; (7) gets lost

at home; (8) change in the ability to think and reason; (9) mistook a family member with
another person; or (10) reasoning is confusing or illogical. We also excluded participants
whose informant endorsed functional decline that could likely be attributable to significant
cognitive decline or depression, such as endorsing either (1) stopped doing activities or
hobbies or (2) change in the ability to handle money. A total of 547 participants were
selected as the normative sample.

A regression-based approach was used to develop demographically corrected 7-scores
(Heaton, Miller, Taylor, & Grant, 2004; Manly et al., 2005). Multiple linear regression
analyses evaluated the influence of age, sex, and education on each of the cognitive domains
using the normative sample. We then used the resulting beta coefficients and standard error
of each regression model to calculate predicted scores for each cognitive composite (i.e.,

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 April 11.
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expected scores based on the participant’s age, sex, and education) across the entire sample
(V= 1830). A residual score was calculated by then subtracting each participant’s predicted
composite score from their actual composite score. Last, residual scores were converted to
7-scores according to the following formula: 7-score = [(Residual Score/SE of Estimate for
the Regression Equation) x 10] + 50.

MCI Neuropsychological Classification

Participants were classified as MCI following an actuarial neuropsychological approach
(Bondi et al., 2014; Jak et al., 2009). Participants were classified as MCI if a composite
cognitive domain score was =1.5 SD below demographically corrected 7-scores (7-score
<35). We deviated from prior published actuarial neuropsychological approaches in two
ways. First, we chose to use composite domain scores instead of individual test scores
given previous studies indicating that composite domain scores provide greater stability
when measuring cognition over time (Jonaitis et al., 2019). However, we did require that
composite domain scores be composed of at least 2 cognitive tests per domain. Last, we
applied a more conservative approach to defining cognitive impairment by using a = 1.5 SD
cut-off instead of >1.0 SD. This =1.5 SD criterion was decided given that we developed our
own norms, and the study was not designed to create a normative sample. In addition, by
using a =1.5 SD criterion, we wanted to maximize sensitivity in identifying individuals who
when classified as MCI may be more likely to develop dementia over time. Future studies
can evaluate different impairment cut-offs and its ability to predict longitudinal cognitive
change.

Mutually exclusive MCI subtypes were determined as follows. Single-domain MCI

(i.e., MCl-amnestic, MCI-language, MCI-dysexecutive, MCI-visuospatial) was assigned if
impairment was demonstrated on the corresponding cognitive domain, while performance
on all other domains was within normal limits. Multiple domain amnestic MCI was made
if there was impairment on the memory domain and on =1 cognitive domains. Multiple
domain non-amnestic MCI was assigned if there was impairment in two or more of the
non-memory domains, while the memory composite score was within normal limits. Last,
given that prior studies indicate that MCI with memory impairment is associated with a
faster decline in daily functioning (Thomas et al., 2020), greater differences in pattern of
cortical thinning (Edmonds et al., 2016), and has a stronger association with AD biomarkers
(Bangen et al., 2016), we dichotomized participants as either MCI with or without memory
impairment, regardless of single- or multiple-domain classification as done in previous
studies (Manly et al., 2005; Matallana et al., 2011).

Statistical Analyses

MCI prevalence and 95% confidence intervals (95% CI) were calculated for the overall
sample (V= 1807) and stratified by age (median split 66), years of education (median

split 6), and sex. We assumed a Poisson distribution when determining the 95%ClI for the
prevalence. Chi-square tests evaluated the relationship of each MCI subtype by age, years of
education, and sex. Multinomial logistic regressions evaluated the independent association
between MCI with and without memory impairment and sociodemographic and health
factors.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 April 11.
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In the subsample of participants in midlife enrolled since MHAS 2001 (7= 758), we ran
several models to test the independent association between mid and late-life CVD and MCI.
First, we ran a logistic regression with MCI (yes/no) as the outcome and the overall mid

to late-life CVD variable as a predictor. Then, secondary models evaluated each individual
mid to late-life CVD variable (hypertension, diabetes, heart disease, stroke) as predictors
with MCI as the outcome. All models included age, years of education, sex, and locality as
covariates. Third, we included a multiplicative interaction term between overall CVD and
either education or rurality with global MCI as the outcome. Last, we ran a final logistic
regression that evaluated the independent association between mid and late-life CVDs,
sociodemographic factors (age, years of education, sex, rurality, depression, insurance status,
and workforce status) and MCI. A 2-sided p value of less than .05 was used as the cut-off
for statistical significance. Descriptive statistics were conducted in SPSS 26. Logistic and
multinomial logistic regressions were conducted in R.

A total of 1807 participants were included in the prevalence analytic sample (1064 [59%)]
women; mean [SD] age, 67 [8] years, mean [SD] education, 6 [5] years; Table 2). The
sub-sample of participants who were enrolled since 2001 (n7= 758) had an average age of
57 + 4 years in 2001 and of 71 £ 4 years in 2015, 57% (/7= 433) were female, and mean
education level of 5 + 4 years (Supplemental Materials Table 1). The normative sample was
on average 66 years of age (SD = 7.8, range 54-97 years), with an average of 7 years of
education (SD = 4.9, range 0-19 years), and 59% women.

Across 1807 participants, 13% (77 = 235) met criteria for MCI with memory impairment and
21% (n= 379) for MCI without memory impairment. Compared with non-MCI individuals,
MCI participants with and without memory impairment were older, had fewer years of
education, endorsed more depressive symptoms, were more likely to live in a rural setting,
and more likely to be unemployed.

Prevalence of MCI

Table 3 describes the prevalence of MCI and its subtypes stratified by age, education, and
sex. Across the entire sample, the prevalence of MCI subtypes ranged from 4.2% with
MCI-dysexecutive to 7.7% with MCI-visuospatial. The frequency of overall MCI was higher
among those older than 66 years of age (X2 = 8.48, p=.004) and among those with less
education (X2 = 34.64, p< .001). Across MCI subtypes, participants who were older were
more likely to have isolated deficits in visuospatial abilities (X2 = 4.10, p = .043) and
multiple-domain amnestic MCI (X2 = 4.56, p=.033). Less-educated participants were more
likely to have isolated deficits in language (X2 = 8.38, p=.004), visuospatial abilities (X2
=14.33, p< .001), executive functioning (X2 = 7.35, p=.007), multiple-domain amnestic
MCI (X2 = 13.31, p< .001), and non-amnestic multiple-domain MCI (X2 = 21.93, p< .001).
Women were more likely to have non-amnestic multiple-domain MCI than men (X2 = 5.15,
p=.023).

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 April 11.
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Sociodemographic and Health Factors and MCI

Results of the multinomial logistic regression (Table 4) showed that older age and residing
in a rural setting were independently associated with increased prevalence of MCI with
memory impairment. MCI without memory impairment was independently associated
with older age, less education, rurality, higher prevalence of depression, and history of
diabetes. Being retired compared with being employed was associated with MCI without
memory impairment. Of note, descriptive analyses reveal that retired participants were
better educated [M(SD) = 8.32(5.24)] compared to employed [M(SD) = 6.05(4.61)] and
unemployed participants [ (SD) = 4.48(3.59); H2,1804) = 92.43, p < .001]. History

of heart disease was associated with lower prevalence of MCI with and without memory
impairment. Sex, stroke, hypertension, and insurance were not associated with prevalence of
MCI with or without memory impairment.

Mid and Late-Life CVD and MCI

Results of the logistic regression showed that overall CVD in midlife was associated with
greater odds of MCI (OR = 1.74 [1.20, 2.51]), whereas CVD in late-life was not reliably
associated with MCI (OR = 1.05 [0.69, 1.60]). When evaluating the role of mid and
late-life presence of each individual disease on the likelihood of MCI, both hypertension
and diabetes in midlife were associated with greater risk of MCI (OR = 1.70 [1.18, 2.44];
OR =1.88[1.19, 2.97], respectively). Neither hypertension (OR = 1.07 [0.70, 1.62]) or
diabetes in late-life (OR = 1.39 [0.89, 2.17]) were associated with MCI. While heart disease
in midlife was not associated with MCI (OR = 0.82 [0.28, 2.42]), heart disease in late-life
was negatively associated with MCI (OR = 0.24 [0.71, 0.80]). Mid- or late-life presence of
stroke was not independently associated with MCI (all p’s > .05). There was no interaction
between overall CVD and education or rurality (all p’s > .10). Last, in the fully adjusted
models, midlife CVD increased the odds of MCI in late-life (OR = 1.76 [1.19, 2.59],
while late-life CVD did not reliably increase greater odds (OR =1.11 [0.71, 1.71]). In
addition, depressive symptoms increased risk of MCI, while female sex and being retired
were associated with lower odds of MCI. Table 5 displays the results of the fully adjusted
logistic regressions.

DISCUSSION

MCI is a long-recognized risk factor for dementia (Albert et al., 2011); therefore, estimating
MCI prevalence and its associated sociodemographic and health factors is critical. Using
comprehensive cognitive data from a cohort of older adults in Mexico, the prevalence of
MCI was estimated as 13% and 21% for MCI with and without memory impairment,
respectively.

Population-based estimates of MCI prevalence are highly variable, ranging from 3% to
42% for any type of MCI, and 0.5% to 31.9% for amnestic MCI (Ward, Arrighi, Michels,
& Cedarbaum, 2012). In the Mexican population, the estimates of MCI prevalence are
also highly variable, most likely due to the differences in MCI criteria and characteristics
of the specific samples evaluated. Previous work with the 2001 wave of MHAS reported
prevalence estimates for CIND of 25% (Mejia-Arango & Gutierrez, 2011). Several

J Int Neuropsychol Soc. Author manuscript; available in PMC 2022 April 11.
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methodological differences may explain the discrepancy in MCI estimates. In the 2001
MHAS study (Mejia-Arango & Gutierrez, 2011), the criteria for MCI relied on a cognitive
screener, the Cross-Cultural Cognitive Examination, while for the current study, we used
the Mex-Cog. Relying on a cognitive screener may lead to a greater overestimation of
cognitive impairment because of its coarse measurement and inability to assess impairment
by cognitive domain (Heaton et al., 2004; Ranson et al., 2019; Saxton et al., 2009).

The 10/66 Dementia Research Group reported a prevalence rate of 3.2% for amnestic MCI
among a diverse sample of older Mexicans (Sosa et al., 2012), while our study found

a higher estimate (5.9%). A key methodological difference was that the 10/66 research

group relied on the Petersen criteria (Petersen & Morris, 2005), which incorporates memory
complaints in the diagnostic criteria. When we included memory complaints, meaning that
the diagnostic criteria were more restrictive by requiring participants to demonstrate both
cognitive impairment and self-report memory complaints, the prevalence of amnestic MCl in
our sample decreased to 2.2%.

Juarez-Cedillo et al. reported a prevalence rate for MCI among older healthcare beneficiaries
residing in Mexico City of 0.3% for multiple-domain non-amnestic MCI and 2.6% for
multiple-domain amnestic MCI (Juarez-Cedillo et al., 2012). While participants in the
Juarez-Cedillo study (Juarez-Cedillo et al., 2012) were evaluated with a comprehensive
cognitive assessment, it was heavily weighted on memory assessment, and it was unclear
which other domains were evaluated, and whether they included memory complaints in

their diagnostic criteria. In addition, most of the normative standards for their cognitive
instruments were derived from non-Mexican Spanish-speaking populations (i.e., the
Syndrom—Kurztest was validated among elderly Chileans) (Fornazzari et al., 2001), which
can limit the reliability to detect cognitive impairment. Last, all participants were residing

in Mexico City and had access to healthcare through the Mexican Social Security Institute
(IMSS), which provides health insurance to workers in the formal labor market. In contrast,
almost half (42%) of the participants in our study resided in less populated settings, and only
54% reported receiving their healthcare through the IMSS.

CVD burden in midlife was associated with greater odds of MCI. By leveraging the over
15-year follow-up of MHAS, we were able to evaluate whether the presence of CVD in

mid- and late-life increased risk of MCI. Hypertension and diabetes in midlife were uniquely
associated with greater likelihood of MCI in late-life. These results are in line with prior
work that has identified midlife vascular risk factors as important modifiable risk factors

for late-life cognitive decline and dementia (Whitmer, Sidney, Selby, Johnston, & Yaffe,
2005), and association of these factors with increased vascular brain injury (Debette et al.,
2011) and elevated brain amyloid deposition in late-life (Gottesman et al., 2017). Our results
also suggest that the effects of midlife cardiovascular factors are not modified by years of
education or rurality. It may be that the impact of CVD in midlife on late-life cognition

is strong regardless of one’s sociodemographic background. To our knowledge, this is the
first study to evaluate midlife vascular risk factors and risk of cognitive impairment among
Mexican adults residing in rural and urban areas. These results add important information

to the cognitive health of Mexican adults, given the high prevalence of vascular risk factors
such as hypertension and diabetes.
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While hypertension and diabetes were associated with greater odds of MCI, in line with
prior studies among older Mexican adults (Downer, Kumar, Mehta, Al Snih, & Wong,
2016; Mejia-Arango & ZUfiga-Gil, 2011), heart failure was associated with a reduced odds
of cognitive impairment. There are a few possible explanations for this counterintuitive
finding. First, cross-sectional studies examining the association between heart disease and
cognitive impairment have yielded inconsistent results. A potential reason is the complexity
of assessing the entire spectrum of heart disease such that frequently only heart disease
severe enough to result in a cardiac event such as a myocardial infarction is investigated
(Aronson et al., 1990; Breteler, Claus, Grobbee, & Hofman, 1994; Bursi et al., 2005).
Consequently, subjects with severe heart disease who are not surgical candidates, and those
with less severe heart disease (e.g., stable angina), may not be included in studies assessing
the association of heart disease with cognitive impairment (Roberts et al., 2010). In addition,
since study participants with heart disease were more likely to be insured (7.9% vs. 2.5%, p
= 0.010), it is possible that non-MCI participants are more likely to have greater access and
utilization of healthcare services (Ton et al., 2017) and therefore show higher prevalence of
diagnosed heart disease. Moreover, the self-reported nature of heart disease may contribute
to spurious associations. As such, these results highlight the need for future studies to
adequately evaluate the full spectrum of heart disease throughout the life course and as it
relates to access to and utilization of healthcare.

As previously reported, older age, fewer years of education, and greater depressive
symptoms were associated with MCI. Studies of the Mexican population have reported the
association between age, education, depression, and cognitive impairment (Juarez-Cedillo
etal., 2012; Mejia-Arango & Gutierrez, 2011; Sachdev et al., 2015). Results of studies
evaluating the impact of sex on the risk of MCI have been conflicting: some reported higher
risk of MCI among women (Juarez-Cedillo et al., 2012; Mejia-Arango & Gutierrez, 2011),
others among men (Petersen et al., 2010), others found no differences (Di Carlo et al., 2002).
In our study, we did not find sex differences in risk of MCI. Finally, our results showed that
retirees were less likely to have MCI compared to those employed. When compared with
the unemployment group, the retired group appeared to be better educated. It is possible
that higher educational attainment and other socioeconomic factors contribute to the lower
prevalence of MCI among retirees.

A strength of the study was the use of an actuarial neuropsychological approach to
defining MCI. Different MCI subtypes are associated with unique brain-behavior traits. For
instance, amnestic MCI is associated with greater cortical thinning of temporal structures
(Clark et al., 2013), while MCI with deficits in executive functioning is associated with
white matter lesions (Delano-Wood et al., 2009). Similarly, MCI diagnoses derived with

a neuropsychological approach when compared to MCI classifications using traditional
criteria (i.e., Petersen et al.) were more likely over time to remain as MCI or progress to
dementia, less likely to be reclassified as cognitively normal, more likely to be APOE-4
carriers and demonstrate abnormal cerebrospinal fluid AD-biomarker levels (Bondi et al.,
2014). Future studies will be needed that include biomarkers.

Several limitations deserve mention. First, further work is warranted to characterize the
current cognitive assessment and determine its measurement invariance by examining
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whether it measures the same cognitive constructs across different subpopulations (e.g.,
sex/gender, educational gradients) (Avila et al., 2020; Horn & McArdle, 1992). Second,
due to the lack of follow-up data for Mex-Cog participants, we relied on informant report
to determine both clinically significant cognitive and functional decline and were unable
to evaluate the incidence of MCI and dementia (Sliwinski, Lipton, Buschke, & Stewart,
1996). Third, due to the lack of a clinical diagnosis of dementia or detailed information on
instrumental activities of daily living at the Mex-Cog visit, participants classified as MCI
may very well meet criteria for clinical diagnosis of dementia.

Understanding the prevalence and factors associated with MCI can help elucidate the
determinants of MCI and subsequent dementia in order to inform research and policy for
preventative strategies. Establishing a protocol to define MCI using a neuropsychological
approach across large studies of health and aging may improve our understanding of
cognitive health among LMICs such as Mexico.
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Flow diagram for identifying participants for the current sample. Note. MMSE = Mini-
Mental Status Examination; NP = Neuropsychological Data; MCI = Mild Cognitive
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Table 1.

Cognitive
domain Neuropsychological tests
Memory . MMSE List Learning
. Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) List Learning and Delayed Recall
. The East Boston Memory Test
. Logical Memory | & Il from the Wechsler Memory Scale
Language . Animal Naming
. Comprehension from MMSE
. Repetition from MMSE
. Writing from MMSE
. Naming items from Community Screening Interview for Dementia
Visuospatial . Figure Copy from MMSE
Function i . . i
. Copy and Recall of 4 Figures from the CCCE (four geometric forms: circle, overlapping rectangles,
diamond and cube)
Executive . Visual Scan from CCCE
Function

Backwards Counting from MMSE
Digit Symbol Substitution Test
Similarities from the Frontal Assessment Battery

Go-No-Go from the Frontal Assessment Battery
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Multiple logistic regression predicting MCI status (7= 758)

Table 5.

95% CI for OR

B (SE) OR Lower Upper
Age 0.02(02) 102 0.97 1.06
Education -0.04(.02)  0.96 0.91 1.00
Sex -0.39(19) 067" 0.45 0.99
Rurality 015(18)  1.15 082 163
Depressive symptoms  0.08 (.03) 1.08% 1.01 1.15
Insurance status 0.09 (.30) 1.09 0.59 1.98
Employment status
Retired -0.86 (.26) 042" 0.25 0.69
Unemployed -0.13 (.21) 0.87 0.58 1.32
Medical conditions
Late-Life diseases 0.10 (22) 1.10 0.71 171
Midlife diseases ~ 0.56 (19) 175 119 2.59

MCI = mild cognitive impairment.
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Note. Age and education were mean centered; male sex, urban setting, no depression, absence of medical condition, being insured, and employed
were the reference groups;

HokA

p<.001,
Ak
p<.01,

*
p<.05.
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