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Abstract

Purpose—Numerous studies have examined the association of physical, behavioral and social 

factors with cognitive decline in older adults. Less attention has been placed on factors associated 

with long-term maintenance of intact cognition even into very old age. A greater understanding of 

those factors can inform the development of activities for maintaining cognitive strength.

Methods—Using a sample from the Hispanic Established Populations for Epidemiologic Study 

of the Elderly, a population-based study of non-institutionalized Mexican Americans aged 65 and 

older from five Southwestern states (N = 2767), latent class mixture models were developed to 

identify subgroups of cognitive change over time.

Results—Three distinct trajectories of cognitive change were identified and characterized as 

stable, slow decline and rapid decline. Compared to the rapid decline group, a higher proportion of 

the stable cognition group were women, had high school education, were married and attended 

church one or more times per week. Regular church attendance had a significant positive impact in 

the stable group (β = 0.64, p <0.01), the slow decline group (β = 0.84, p <0.001) and the rapid 

decline group (β = 2.50, p <0.001). Activity limitations had a consistently negative association 

with cognition in the stable, slow decline and rapid decline groups (β = −0.37, p <0.001; β = 

−0.85, p <0.001; and β = −1.58, p <0.001 respectively).

Conclusion—Substantial heterogeneity exists in rates of cognitive decline among older Mexican 

Americans. Interventions targeting cognitive maintenance may benefit from increased focus on 

factors associated with continued social engagement.
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INTRODUCTION

Poor cognition and dementia are major causes of disability and premature deaths. In the 

general population the estimated prevalence of cognitive impairment increases substantially 

at older ages [1]. Data from the Health and Retirement Study in 2002 suggest that 22% of 

adults 71 years or older have some degree of cognitive impairment [2]. Compared to non-

Hispanic Whites, rates of cognitive impairment are proportionally higher in minority 

populations [3–9]. Higher rates of cognitive impairment at older ages among Hispanics is of 

particular importance as Hispanics represent the largest and fastest growing minority group 

in the United States [10].

Many studies have examined socio-demographic and physical function and health predictors 

of cognitive decline. For example, cardiovascular disease, stroke, metabolic syndrome and 

diabetes are strongly associated with declines in cognitive function [11–15]. On the other 

hand, higher levels of educational attainment [1, 16–20] and socioeconomic status [21–23] 

have been consistently associated with reduced risk and severity of cognitive impairment. 

However, the association of education with the rate of decline has been questioned [24, 25], 

and a 14-year longitudinal study of 6,000 older African-Americans and Whites showed 

association of higher educational attainment with higher baseline cognitive scores but not 

with rate of cognitive decline [26]. Regular physical activity and other modifiable risk 

factors have also been associated with reductions in maintenance of cognitive function [18, 

27, 28].

However, little emphasis has been placed on understanding factors associated with long-term 

maintenance of intact cognition even into very old age. Such understanding can inform the 

development of activities to enhance cognitive resilience. Social networks and social 

support, lifestyle, and emotional factors have been linked to successful aging, partly via a 

moderating influence on how individuals manage their vascular risk factors, vis a vis access 

to care, understanding treatment recommendations, and adherence. In fact, research has 

found that individuals with more numerous social ties, participation in activities, and 

emotional support have reduced risk of cognitive impairment [29–34].

Two major challenges in studying predictors of cognitive resilience and long-term good 

cognition are lack of longitudinal data with repeated measures of cognition and relevant 

predictors as well as limited data on under-represented minorities. The availability of 

Hispanic Established Population for the Epidemiological Study of the Elderly (HEPESE), an 

ongoing 20-year study of older Hispanics, allows us to address some of these challenges 

with the use of latent class models. These models permit us to identify different subgroups 

(or classes) of patients with distinct trajectories of cognitive change over time, while at the 

same time accounting for the unavoidable missing data (e.g. due to death) common to such 

long-term study. In this research, we describe the psychosocial, health and lifestyle factors 

associated with maintenance of good cognition in Mexican-origin elders. Our two main 

hypotheses are: 1) there will be distinct trajectories of cognitive function among older 

Mexican-origin adults, and 2) the effects of both psychosocial and physical health factors on 

cognition will vary by trajectory membership.
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MATERIALS AND METHODS

Sample

The sample includes participants in the Hispanic Established Populations for Epidemiologic 

Study of the Elderly (H-EPESE). The H-EPESE is a population-based study of 3,050 non-

institutionalized Mexican Americans aged 65 and older at baseline (1993–94) from five 

Southwestern states (Texas, California, New Mexico, Colorado, and Arizona). Seven waves 

of data have been collected (1993–94 n = 3,050; 1995–96 n = 2,438; 1998–99 n = 1,981; 

2000–01 n = 1,682; 2004–05 n = 1,167; 2007 n = 921; 2010–2011 n = 659). Details 

regarding the methods have been described elsewhere [35, 36]. Our sample includes all 

respondents who had complete data for included variables at baseline (N=2767). All 

research protocols and informed consents were approved by the Institutional Review Board 

of the University of Texas Medical Branch.

Dependent Variable

Cognitive function was measured using the Mini Mental State Examination (MMSE) [37] 

during each interview. The MMSE measures responses to a standard battery of memory and 

reasoning problems that include orientation, attention, short term recall, language and the 

ability to follow simple instructions. The Spanish version of the MMSE has been used in 

prior studies of older Hispanics [15, 31, 38–40]. While the MMSE is often dichotomized to 

reflect impairment levels, we used the MMSE as a continuous scale in order to assess the 

relative impact of covariates on change over time.

We included major diseases shown to be associated with cognitive decline [11–15]. 

Hypertension, heart attack, stroke and diabetes were ascertained by asking the respondents 

(1) “Has a doctor ever told you that you had…” during the baseline interview and (2) “Since 

we last spoke … told by a doctor that you…” during follow-up. Answers were coded as yes 

or no. in addition, we included weight category base on body mass index (BMI) [41]: 

overweight (BMI>=25 and BMI<30), and obese (BMI>=30) compared to normal weight or 

less (BMI<25). Finally, as a measure of disability we included the total number of Activity 

of Daily Living limitations (ADLs – e.g., needing help walking, transferring from a bed to a 

chair, feeding oneself).

Psychosocial Factors

Three psychosocial measures are included. First, we included depressed mood because it is 

associated with cognitive function [42, 43], and factors often accompanying depression, 

such as flat affect and disrupted motivation patterns, may affect results of cognitive tests [44, 

45]. Depressive symptoms were assessed through the Center for Epidemiologic Studies 

Depression Scale (CES-D) [46]. This scale ranges from 0–60, with higher scores reflecting 

greater depressive symptoms. For the current analysis, a cut point of 16 was used to denote 

probable depression [47]. As a second psychosocial measure, we included weekly church 

attendance. Research shows that older Mexican origin adults who are infrequent attenders 

show more cognitive impairment over time [48]. Respondents were asked “About how often 

do you go to mass?” and were coded 1 if the response indicated one or more times per week. 

Finally, far less research exists on social support, though one study showed that social 
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support was related to better cognition among adults with Alzheimer’s Disease [49]. In this 

study, social support was assessed through two questions: (1) “…can you count on at least 

some of your family…” and (2) “…talk about your deepest problems with at least some of 

your family or friends.” If the respondent answered “most of the time” to both questions 

then the variable was coded as 1.

Other Covariates

Covariates included age (continuous), gender (female versus male), marital status (currently 

married vs. not), language of interview (Spanish vs. English), and nativity (US born vs. 

foreign born). Financial strain was assessed through the respondent’s reporting a “great 

deal” of difficulty meeting monthly payments and coded yes or no. Near vision was coded as 

adequate vs impaired. We tested the inclusion of education as a continuous measure, as well 

as categorized as none, low (1–4 years), moderate (5–11 years) and high (12 or more years). 

Results indicated that the primary difference across attainment levels occurred at the 12 year 

point. Thus, we included high school education as a single measure of attainment.

Statistical Analyses

Initial demographic characteristics were examined in total and by gender. Next, trajectories 

of cognition over time were developed using latent class mixture models [50–53]. With this 

approach, the population under study is viewed as a mixture within which a finite number of 

subgroups (latent classes) can be identified possessing distinct trajectory shapes. Each 

trajectory is then modeled with its own functional form (e.g., linear, quadratic) and direction 

simultaneously [54–57]. These models were developed using the user-written Stata 

procedure for trajectory modeling [53] based on semi-parametric, finite mixture modeling 

using maximum likelihood. The MMSE score was modeled as a censored normal 

distribution.

Model selection was determined by comparison of Bayesian information criterion (BIC) 

between models. A 2× change in BIC approximates the log of the Bayes factor [58] and 

allowed for the comparison of both the number of trajectory groups and the functional form 

of each trajectory. We compared models with 1 to 5 trajectories and tested the significance 

of the functional form the trajectories. Model adequacy was further assessed by examination 

of the posterior probability of group membership with 70% being acceptable. This approach 

identified models with three trajectories (one cubic and two linear).

Baseline measures of age, female gender, language of interview, nativity, education, 

diabetes, over weight and obese (compared to normal or low weight), and hypertension were 

incorporated into the models as risk factors for trajectory group membership. Acute health 

events and social factors that have time dependent effects (heart attack, stroke, marital status, 

financial strain, depressive symptoms, ADLs, church attendance and social support) were 

incorporated into the analyses as time-varying covariates and contribute directly to the 

estimate of the MMSE trajectories.

Participant attrition is a particular concern in examining panel data, especially data spanning 

18 or more years. Data that are missing at random or missing completely at random are 

generally tolerated well by most common statistical approaches. Our modeling approach 
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uses maximum likelihood which uses each case available to compute maximum likelihood 

estimates and produces unbiased parameter estimates for data missing at random. Thus, the 

basic trajectory model assumes that intermittent missing data are missing at random. 

Because trajectory group membership may not be independent of attrition (e.g., death), we 

use a generalization of the trajectory model that allows the probability of dropout to vary as 

a function of prior observations [59]. Thus, trajectory specific attrition rates were calculated 

and adjustments to trajectory group membership probabilities made. All analyses were 

performed using Stata13 mp software (StataCorp. 2013. College Station, TX).

RESULTS

Baseline characteristics of the sample are shown in Table 1. The sample had a mean age of 

73 years (SD 6.5) and was mostly female (58.29 %). Fig. (1) presents the plots of MMSE 

over time for the three distinct trajectory groups. Group 1 starts at an average MMSE of 22 

and shows a rapid decline during follow-up. Group 2 starts with an average MMSE of 24 

and then shows a slow decline. Group 3 starts with the highest average MMSE [28] and 

remains relatively stable through follow-up. This figure also displays the overall population 

mean ranging from an MMSE of 25 at baseline to 20 at last follow-up. The posterior 

probabilities for group membership were all acceptable ranging from 80% for the rapid and 

79% for the slow declining groups to 86% for the stable group. Dropout probabilities varied 

by trajectory group with the stable group having the lowest probability of dropout (0.17), 

followed by the steady decline group (0.23) and the rapid decline group (0.37). The dropout 

probabilities reflect the actual attrition rates for the groups over 20 years of follow-up which 

were 60% for the stable group, 80% for the steady decline group, and 93% for the rapid 

decline group. Clearly, attrition was highest in the least robustly healthy groups, the steady 

decline and rapid decline groups. This is not surprising as the primary reason for attrition 

was the death of the respondent. Other types of attrition did not vary across groups.

The results of the multinomial logit portion of the latent class analysis are presented in Table 

2. The odds ratios describe the odds of membership in the rapid decline and steady decline 

groups with the stable group as referent. Women had 45% lower odds of being in the group 

with rapidly declining MMSE and 30% lower odds of being in the steady decline group 

compared to the stable group group. High school education or higher reduced odds of 

membership in the rapid decline group by 72% and the slow decline group by 90%. Age was 

associated with increased odds of membership in the rapid and slow decline trajectory 

groups compared to the stable group. Baseline visual impairment was associated with a 

nearly five-fold increase in odds of membership in the rapid decline group and nearly two-

fold increase in odd of membership in the slow decline group (OR 4.97, 95% CI 3.09–6.85 

and OR 1.99, 95% CI 1.18 – 2.80 respectively).

Table 3 shows the association of time varying covariates with MMSE over time for each 

trajectory group. The results of the time varying covariates describe the average effect of 

each factor at each time point. For religious attendance in the rapid decline group, an 

average 2.5 point increase in MMSE at each time point was predicted holding all other 

variables constant. Heart attack and stroke were each associated with increased MMSE for 

the slow decline group but not the stable or rapid decline groups over time. ADL limitations 
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were associated with decreases in MMSE for all three groups, and depressive symptoms 

were associated with decreased MMSE in the slow decline and stable groups over time. In 

the rapidly declining group, marital status (married) and social support were both associated 

with increases in MMSE (β = 2.09, p<0.001 and β = 1.89, p<0.001 respectively). In the 

stable trajectory group, financial strain was associated with reduced MMSE score (β = 

−0.87, p<0.001). Weekly church attendance was associated with increased MMSE in all 

three trajectory groups. Wald tests of equality of the linear terms for the stable, steady 

decline, and rapid decline groups indicated that the slopes of the trajectories were different 

(Chi Square = 120.64, p < 0.001).

Table 4 presents the characteristics of the sample following trajectory group assignment. The 

rapid decline group was significantly older (mean 77 SD 7.4) than the steady decline group 

(mean 73 SD 6.3) or the stable group (mean 71 SD 4.6). Members of this group also had 

higher rates of stroke and more ADL limitations. Members of the stable group were more 

likely female, married, high school educated, obese, and attend church at least once a week. 

The distribution of social support did not vary across groups.

Because cognitive decline may be associated with other declines in higher order functioning, 

such as IADLs, we performed a sensitivity analysis using a joint trajectory model wherein 

changes in IADL and MMSE were modeled concurrently. The results of these analyses 

found that the probability of membership in the stable group conditional upon membership 

in a stable IADL group was 87.1. However, conditional on membership in the high disability 

group, probability of membership in the rapid decline MMSE group was 50.5 and 

membership in the slow decline MMSE group was 42.3. The joint probabilities for all 

possible combinations suggest the co-occurrence of stable IADL and stable MMSE with less 

clear connections between declining groups.

DISCUSSION

While many risk factors for declines in cognition have been identified, less attention has 

been placed on factors associated with cognitive resiliency. We applied latent class mixture 

models to identify subgroups of cognitive change trajectories in a sample of older Mexican 

origin adults. While the emphasis of our analyses was on modifiable behaviors potentially 

beneficial to cognitive maintenance, we also address a range of factors that may contribute 

to cognitive change in older adults.

Previous report on the HEPESE population found that cognitive decline was associated with 

increased age, low education (less than high school), marital status (not married), diabetes, 

stroke, and depression [39]. These risk factors for decline are echoed by our results though 

not consistently across trajectory groups. For example, our results suggest that depressive 

symptoms have a negative effect only in the stable and slow declining groups and not in the 

rapid declining group. Marital status was only beneficial to the rapid and slow declining 

groups and not the stable group. Such distinction would be difficult to detect in a population 

average approach.
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Cardiovascular risk factors for cognitive decline are well documented [60–63]. The 

somewhat protective effects of cardiovascular disease in our study were unexpected. The 

strong positive effect of heart attack on cognition in the steady decline trajectory group may 

in part reflect a survivor benefit. In a study of 135 patients (mean age, 84) with Alzheimer’s 

Disease, a history of a coronary artery bypass graft was associated with slower decline in 

cognition. This association suggests healthy survivors’ effect, with the less health having 

died off leaving the more cognitively resilient ones behind [64]. It is also possible that the 

resulting medical intervention had a collateral protective effect on cerebrovascular health. 

Survival of an acute event such as a heart attack may also lead to lifestyle changes like 

smoking cessation, improved diet, and medication adherence which may also have a 

supportive effect on cognitive function. The lack of association of hypertension and 

cognitive decline may reflect ambiguity in the self-report of the condition.

Our finding of obesity and decreased odds of declining cognition reflects the complexity in 

the relationship between weight and cognition change. The relationship between weight and 

late-life cognition depends on whether weight as a predicting variable is measured in middle 

age or in old age. For example, a 21-year longitudinal study of 1449 subjects (mean base 

line age=51, mean age at follow up=72) showed that obesity, hypertension and high 

cholesterol in middle age are associated with increased risk of cognitive decline and 

dementia in old age [65]. On the other hand, in a 10-year longitudinal study of cognitively-

intact 918 subjects aged 65 and older, each one BMI unit gained per year was associated 

with 40% less cognitive decline over time. An annual loss of one BMI unit was associated 

with 35% increased risk of cognitive decline [66]. Neuropathological evidence also supports 

this finding. A 5-year prospective cohort study of 298 adults (mean age 80) showed that 

those with BMI less than 20 have twice the amount of Alzheimer’s Disease related plaques 

and tangles in their brains compared to the subjects with BMI > 30 [67].

The persistent association of church attendance with increased cognitive status scores was 

not surprising. Religious attendance has been associated with reduced cognitive decline in 

several reports [31, 48, 68, 69]. Religious practice may offer benefits through stimulating 

activities such as reading, prayer and increased social engagement. This enrichment may 

further support cognitive resilience and facilitate adaptation to changes in the brain [70]. 

Alternatively, it is possible that religious attendance itself is an indicator of good health. 

Thus, religious attendance may be expected to be higher in the stable group and possibly 

confer less benefit due to the healthier profile of this group.

One of the primary benefits of latent class mixture models is their ability to identify 

subgroups within a population whose trajectories differ from the population average. We 

identified three distinct trajectory groups representing stable cognition, a slow decline, and a 

rapid cognitive decline. The slow decline trajectory most closely approximated the overall 

population average. While increased age is a strong selector for membership into the rapid 

declining group, this group also had very low rates of protective social factors (high school 

education, being married, church attendance) and relatively high rates of deleterious physical 

factors (depression, diabetes, stroke and ADL limitations). In contrast, the trajectory group 

that showed stable, resilient cognitive scores over time also had the highest rates of 

protective social factors and lowest rates of physical factors. It is possible that the 
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participants in the rapid decline group could represent developing dementia (e.g., 

Alzheimer’s or vascular dementia). However, we cannot ascertain this diagnosis via MMSE 

(a screening tool for possible dementia) as detailed clinical evaluation is needed to establish 

such diagnosis. Regardless, a rapidly declining MMSE may encourage clinicians to perform 

a more detailed review for causes of such decline, with the goal of early interventions to 

preserve physical and mental functions.

Of particular interest is the substantial magnitude of effect for social support and religious 

attendance in the rapidly declining cognition group. These factors were each associated with 

more than a 2 point increase in cognitive assessment. Though we used a continuous scale to 

measure cognition, a 2 point increase could easily represent the difference between 

cognitively impaired and cognitively intact in a dichotomous designation. Social support 

might be increased by family and friends in response to a rapid decline in cognition. Such 

response may help the cognitively-impaired person compensate for any onset of cognition-

related disability. Social support has several domains (e.g. financial, emotional, direct help 

etc.) and each domain might affect cognition differently [32, 71]. It is important to note that 

our findings do not represent a causal relationship and could indeed be bidirectional. 

Because participants in the lowest MMSE category also decline most rapidly, it is possible 

that the MMSE decline might have predated and contributed to both the impact of social 

support and financial strain in the rapidly declining group compared to the stable group.

LIMITATIONS

There are several limitations that bear mentioning. Information on health conditions in our 

study were self-reported and may not accurately reflect the health of the individual 

respondents. However, self-report has been found to be relatively reliable in other research 

[72]. We were also unable to assess the severity of any health factor such as stroke, heart 

attack, hypertension or diabetes. Our results were based on a representative sample of 

Mexican origin older adults residing in the Southwest. Thus, our findings may not be 

representative of other Hispanic groups in the United States. Another limitation is the 

MMSE test itself which has been shown to have both a floor effect, whereby a test is too 

difficult such that even normal individuals score low, and a ceiling effect whereby both 

normal and impaired individuals score high. The latter is of concern in the present study as 

the MMSE may not be sensitive enough to distinguish between normal and mildly impaired 

individuals. Additionally, the MMSE does not completely capture the full range of verbal 

fluency or executive functioning, domains that more closely correlate with optimal IADL 

functioning. Since we have no data on early cognitive functioning or on measure of early-

life general intelligence function, we can only speculate that MMSE acts as a crude proxy 

for overall cognitive functioning.

CONCLUSION

Increased cognitive decline in older Mexican origin adults is associated with the presence of 

cardiovascular risk factors such as diabetes and stroke. Social factors including being 

married, having high school education and attending church showed a protective effect on 

cognition over time. The identification of heterogeneous sub groups highlights the 
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differential effect of predictive factors in groups with different trajectories of cognitive 

change.
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Fig. (1). 
Trajectories of MMSE over time for population average (double line) and the observed 

(markers) and predicted values for three trajectory groups: stable (solid line), slow decline 

(dashed line), and rapid decline (dotted line) – HEPESE (1993–2011).
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Table 1

Characteristics of respondents, complete data and no proxy, HEPESE 1993–1994, percent or mean (SD), 

(N=2767).

Total Sample

MMSE 24.83 (4.5)

Age 73.20 (6.5)

Female 58.29

Married 55.76

High school 9.72

Vision impairment 24.50

Depressive 22.88

Diabetes 23.38

Hypertension 40.51

Heart attack 10.08

Stroke 5.49

Over weight 39.86

Obese 29.31

ADLs 0.30 (1.1)

Strain 20.49

Church attendance 51.50

Social Support 68.38
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Table 4

Baseline Characteristics of Trajectory Groups, HEPESE (N = 2767) – percent or mean (SD).

Rapid Decline Steady Decline Stable

N 479 1538 750

MMSE 20.63 (5.1) 24.61 (3.7) 28.03 (2.5) ***

Age 77.41 (7.4) 73.08 (6.3) 70.73 (4.6) ***

Female 49.79 58.43 63.24 ***

Married 51.67 54.78 60.7 **

High school 5.86 1.76 28.74 ***

Vision Impairment 54.81 21.73 10.83 ***

Depressive 25.1 25.7 15.51 ***

Diabetes 23.22 24.14 21.66

Hypertension 41.21 38.71 43.45

Heart attack 12.76 9.76 8.82

Stroke 7.95 5.2 4.28 *

Overweight 38.08 40.27 40.24

Obese 19.25 29.6 35.29 ***

ADLs 0.52 (1.5) 0.32 (1.2) 0.10 (0.6) ***

Strain 19.67 22.9 16.04 ***

Social Support 69.1 68.32 68.1

Church attendance 43.31 51.66 56.68 ***

*
p<=0.05,

**
p<=0.01,

***
p<0.001
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