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Abstract 
Objectives:  Mexico has a rapidly aging population at risk for cognitive impairment. Social and leisure activities may protect against cognitive 
decline in older adults. The benefits of these behaviors may vary by patterns of cognitive impairment. The objectives of this study were to identify 
latent states of cognitive functioning, model the incidence of transitions between these states, and investigate how social and leisure activities 
were associated with state transitions over a 6-year period in Mexican adults aged 60 and older.
Methods:  We performed latent transition analyses to identify distinct cognitive statuses in the 2012 and 2018 waves of the Mexican Health 
and Aging Study (N = 9,091). We examined the transition probabilities between these states and their associations with social and leisure 
activities.
Results:  We identified 4 cognitive statuses at baseline: normal cognition (43%), temporal disorientation (30%), perceptual-motor function 
impairment (7%), and learning and memory impairment (20%). Various social and leisure activities were associated with reduced odds of death 
and disadvantageous cognitive transitions, as well as increased odds of beneficial transitions.
Discussion:  Mapping the effects of popular social and leisure activities onto common patterns in cognitive functioning may inform the develop-
ment of more enjoyable and effective health-protective behavioral interventions.
Keywords: Cognitive aging, Health behavior, Hispanic or Latino, Leisure activities, Longitudinal studies

Mexico has a rapidly aging population, with changing demo-
graphics and increasing disease burdens (Angel et al., 2017). 
As the Mexican population ages, the number of people at risk 
for cognitive decline and impairment will continue to increase. 
Older adults in Mexico have high rates of diabetes, obesity, 
and depression (Gutierrez et al., 2020; Wong et al., 2017), 
and low rates of formal education, each of which can increase 
the risk for cognitive decline and impairment (Baumgart et 
al., 2015; Wong et al., 2017). There is, however, increasing 
recognition that behavioral patterns and aspects of the so-
cial environment in later life may influence one’s trajectory of 
cognitive decline (Dominguez et al., 2021; Zhao et al., 2018).

Social and leisure activities in later life, including vari-
ous types of social engagement and cognitively stimulating 
activities, appear to protect against cognitive decline and 
dementia (Bielak et al., 2019; Dekhtyar et al., 2019; Hu et 
al., 2012; Scarmeas et al., 2001; Verghese et al., 2003; Wang 

et al., 2002; Wilson et al., 2002). The cognitively protec-
tive effects of social and leisure activities in later life may 
be more pronounced in populations with risk factors preva-
lent in Mexico, such as low educational attainment (Bielak 
& Gow, 2023). Conceptually, as detailed by the Multi-level 
Leisure Mechanisms Framework, social and leisure activi-
ties may exert health-protective effects via numerous inter-
related processes and mechanisms of action (Fancourt et al., 
2021). For example, engaging in social and leisure activities 
may influence cognitive outcomes by developing health-pro-
tective social networks, or by altering brain physiology 
(Fancourt et al., 2021). There is a need for longitudinal 
research that better characterizes the nature of the effects 
that specific social and leisure activities may have on dif-
ferent domains of cognitive functioning and the potential 
mechanisms through which they may promote brain health 
(Bielak & Gow, 2023).
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Previous studies investigating the effects of social and 
leisure activities on cognitive functioning have employed 
variable-centered analyses (e.g., investigating the relations 
between covariates and outcomes of interest; Howard & 
Hoffman, 2018). Person-centered analyses may provide addi-
tional insight. Person-centered analyses are concerned with 
(a) characterizing emergent subpopulations or states, (b) how 
individuals tend to transition between these states, and (c) 
how such transitions may be related to variables of inter-
est. Person-centered analyses may be useful for understand-
ing common patterns of cognitive decline, and how specific 
social and leisure activities predict changes in cognitive states 
(Howard & Hoffman, 2018). This knowledge could facilitate 
targeted, preventive interventions to help slow and prevent 
cognitive decline. The aims of this study were (a) to identify 
latent states of cognitive functioning and model the incidence 
of transitions between these states over a 6-year period in 
Mexican adults (60 and older), and (b) to investigate how 
social and leisure behaviors were associated with these states 
and state transitions.

Method
Data
We used data from the 2012 and 2018 waves of the Mexican 
Health and Aging Study (MHAS; Wong et al., 2017). MHAS 
is a longitudinal nationally representative study of adults aged 
60 and older occurring in Mexico. It is conducted in Spanish. 
MHAS began in 2001, with participants born in 1951 or 
earlier. Follow-up interviews were conducted in 2003, 2012, 
2015, and 2018. In 2012 and 2018, refresher samples were 
added to the study. The cognitive battery expanded as the 
study progressed. In the present study, we used data from the 
2012 and 2018 waves. We used 2012 as the baseline because it 
was the first wave that included social and leisure activities, it 
included tasks that measured cognitive domains not included 
in earlier waves (e.g., date orientation), and because we 
expected that the 6-year period between 2012 and 2018 was 
sufficient to observe meaningful changes in cognitive func-
tioning over time. All participants gave informed consent at 
the time of interview. For all waves, MHAS had high response 
and follow-up rates (85%–93%; Orozco-Rocha et al., 2018). 
If participants were unavailable or unable to complete the 
interview, proxy interviews were conducted with a spouse or 
other family member. Interviewers ascertained information 
pertaining to participants’ survival in these circumstances. 
The leading cause of attrition in MHAS was death (Orozco-
Rocha et al., 2018). We excluded proxy interviews, as these 
did not include direct assessments of participants’ cognitive 
functioning or social and leisure activities.

Measures
Social and leisure activities
Social and leisure activities were measured in 2012. 
Participants were asked (translated from Spanish) whether 
they had participated in various activities during the past year 
(yes, no, don’t know, or refused to answer). These included: 
(a) “working as a volunteer”; (b) “attending a training ses-
sion, information session, or class”; (c) “attending a sporting 
or social club”; (d) “reading a book, magazine, or newspa-
per”; (e) “doing crossword puzzles, a jigsaw puzzle, or games 
with numbers (e.g., sudoku)”; (f) “playing games like cards, 

dominoes, or chess”; (g) “using technology (i.e., phone or 
computer) to communicate with friends or relatives or access 
the internet”; (h) “doing activities having to do with mainte-
nance, repairs, gardening, etc.” (i) “watching television,” and 
(j) “sewing, embroidering, knitting, or doing other crafts.” We 
created an additional variable reflecting a median split of the 
total number of above social and leisure activities that par-
ticipants reported engaging in (0–3 vs 4–10; Scarmeas et al., 
2001).

Cognitive functioning
The MHAS cognitive battery included a modified Cross-
Cultural Cognitive Examination (Glosser et al., 1993). In the 
present study, we included all seven neuropsychological tasks 
that were administered in both the 2012 and 2018 waves 
of MHAS. These included tasks of constructional praxis (a 
timed drawing task to re-create a presented figure), verbal flu-
ency (a timed task to name all the animals that one can think 
of), verbal learning (an immediate recall task requiring par-
ticipants to remember and repeat a list of eight words), visual 
scanning (participants are shown a specific figure, then have 
60 s to circle as many occurrences of that figure as possible 
on a page printed with an array of different figures), con-
structional praxis recall (drawing the figure presented in the 
constructional praxis task by memory), delayed word recall 
(verbally producing the list of words presented in the verbal 
learning task), and temporal orientation (correctly stating the 
current year, month, and day; Mejía-Arango et al., 2015). 
We used MHAS-provided variables that had missing data 
imputed (Downer et al., 2021). We dichotomized these vari-
ables according to whether participants’ responses reflected 
impairment, defined by the MHAS Cognitive Aging Group 
as ≥1.5 standard deviations (SD) below norms calculated by 
age and education level (Mejia-Arango et al., 2021; Mejía-
Arango et al., 2015). We only included participants who had 
complete data for neuropsychological tasks in 2012.

Statistical Methods
We conducted latent transition analysis with random inter-
cepts (RI-LTA) to identify latent statuses reflective of patterns 
of performance on cognitive tasks over the 2012 and 2018 
MHAS waves (Muthén & Asparouhov, 2022). Latent tran-
sition analysis is a person-centered approach (Howard & 
Hoffman, 2018) used to identify the characteristics of qual-
itatively distinct latent states and the probabilities of tran-
sitioning among these states over time (Collins & Lanza, 
2009). Patterns of participants’ scores on all cognitive tasks 
were used to delineate cognitive states at baseline as well 
as the incidence of transitions between these states over the 
study period. We included random intercepts to help parse 
out stable, between-subject (trait) differences and thus more 
accurately model status (state) transition probabilities; this 
modeling feature controls for time-invariant potentially con-
founding variables (Hertzog et al., 1999; Mund et al., 2021; 
Muthén & Asparouhov, 2022). Therefore, we did not include 
covariates in the models. We modeled death directly as an 
observed state occurring in the 2018 wave. We compared the 
fit of latent class analysis models with from two to six statuses 
at each wave (Collins & Lanza, 2009). We then fit a baseline 
RI-LTA model and n RI-LTA model assuming measurement 
invariance (i.e., constraining item response probabilities to 
equality between times). We chose among candidate mod-
els using Bayesian Information Criterion (BIC) values and 
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considering the interpretability of solutions (Nasserinejad 
et al., 2017; Nylund et al., 2007). Finally, we evaluated how 
individual social and leisure activities, as well as an additional 
variable reflecting a median split of the total number of social 
and leisure activities that participants reported engaging in, 
were associated with participants’ latent statuses in 2012, and 
how each moderated subsequent transitions in latent cogni-
tive status (Supplementary Figure A). RI-LTA models were 
estimated using maximum likelihood with robust standard 
errors. We used full information maximum likelihood to han-
dle missing data. We set the nominal alpha for all analyses to 
p < .05. The latent class analyses and RI-LTA models were fit 
using Mplus version 8.3 (Muthén & Muthén, Los Angeles, 
CA). All other data analyses and procedures were conducted 
in R version 3.6.3.

Results
Participants
There were 14,448 participants who completed a direct 
interview in 2012 (Wong et al., 2017). After excluding those 
younger than 60 years of age, this number was 9,140. Forty-
nine participants were excluded from the analysis due to 
missing data at baseline. The analytical sample thus consisted 
of 9,091 participants. Of those, 1,550 (17.0%) died by the 
2018 wave (this was modeled directly as an observed state). 
Another 1,738 participants (19.1%) had missing data on at 
least one cognitive task at follow-up (missing data were han-
dled using full information maximum likelihood). The average 
age of participants was 69.8 (SD = 7.5) years and participants 
were 54.7% female. The median number of social and leisure 
activities that participants reported engaging in was 3 (range 
= 0–10; interquartile range = 2–5).

RI-LTA
Model selection
The fit indices from latent class analyses are presented in 
Supplementary Table A. The BIC suggested that the four class 
solutions best fit the data for both the 2012 and 2018 waves. 
The Lo–Mendell–Rubin likelihood ratio test (LMR), and 
adjusted LMR suggested that the five class solution best fit the 
data. Favoring model parsimony and the interpretability of 
solutions, we fit an RI-LTA model with four latent classes at 
baseline. Results supported the assumption of measurement 
invariance (BIC = 102,452.907 vs 102,358.906). The entropy 
values of the latent class analyses (0.54–0.55) and the RI-LTA 
(0.61) suggested there was some uncertainty delineating the 
classes. This is not unexpected given that the data were at the 
population level; this inherent uncertainty is accounted for in 
latent transition analysis.

Prevalence of latent statuses at baseline and item response 
probabilities
Figure 1 presents the item response probabilities that charac-
terize the four RI-LTA classes (see Supplementary Table B for 
all parameter estimates). Our interpretation of the latent cog-
nitive statuses was informed by the neurocognitive domains 
in the fifth edition of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5; Sachdev et al., 2014). Based on 
the estimated model, the largest status was the normal cog-
nition status with a prevalence of 43% in 2012. This latent 
status was characterized by relatively low probabilities of 

impairment on all seven of the cognition tasks (<12% for all 
cognitive tasks; Figure 1).

The second largest latent status in 2012 was the tem-
poral disorientation status. This status comprised 30% of 
the sample in 2012. This status was similar to the normal 
cognition status, except that it had a comparatively greater 
probability of providing a response suggestive of cognitive 
impairment in the item reflecting date orientation (32% 
probability of impairment vs 0% in the normal cognition 
status; Figure 1).

With a prevalence of 7% in 2012, the perceptual-motor 
function impairment status was the least prevalent status. 
This status was characterized by a nearly 100% chance of 
impairment in the constructional praxis task (Figure 1).

Finally, the learning and memory impairment status had a 
20% prevalence in 2012. This status was characterized by a 
relatively high probability of impairment in the verbal learn-
ing task (77%; Figure 1). Table 1 presents descriptive charac-
teristics by participants’ most likely latent class at baseline.

Latent status transition probabilities
About 9% of participants with a normal cognition status in 
2012 died by the 2018 wave (Figure 2). Based on the esti-
mated model, participants with normal cognition in 2012 
were most likely to remain in this status in 2018 (76%) and 
had a 15% probability of transitioning to the learning and 
memory impairment status. Participants with a normal cogni-
tion status in 2012 had a 0% chance of transitioning to either 
the temporal disorientation or the perceptual-motor function 
impairment status.

About 14% of participants with a temporal disorientation 
status in 2012 died by the 2018 wave. The most likely tran-
sition associated with this status was to the normal cognition 
status (34%). Only 25% of participants with this status in 
2012 remained with this status by 2018. The probability of 
individuals with this status transitioning to the temporal dis-
orientation and learning and memory impairment status was 
11% and 16%, respectively.

Figure 1. Probabilities of impairment at baseline of latent statuses 
were identified in random intercept-latent transition analysis among 
participants from the Mexican Health and Aging Study included in these 
analyses (n = 9,091).

http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad082#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad082#supplementary-data
http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad082#supplementary-data
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About 25% of participants with a perceptual-motor func-
tion impairment in 2012 died by the 2018 wave. The most 
likely transition associated with this status was to the tempo-
ral disorientation status (38%). The probability of maintain-
ing the same status was 17%. The probability of individuals 
with this status transitioning to the normal cognition status 
was 6%.

Finally, 37% of participants with a learning and memory 
impairment status in 2012 died by 2018. Participants with 
this status were most likely to remain in this status by 2018 
(51%) and were unlikely to transition to the normal cogni-
tion (7%), temporal disorientation (3%), or perceptual-motor 
function impairment statuses (2%).

Association between baseline social and leisure activities and 
baseline cognition status
Each of the social and leisure activities and the additional 
variable reflecting a median split of the total number of 
social and leisure activities were individually associated with 
decreased odds of having a status of learning and memory 
impairment at baseline, relative to having a normal cognition 
status at baseline (Figure 3). Odds ratios (ORs) ranged from 
0.26 (95% confidence interval [CI 0.17, 0.40]) for engaging 
in puzzles to 0.51 (95% CI [032., 0.80]) for participating in 
a sports or social club (Supplementary Table C). Engaging in 
at least four social and leisure activities was associated with 
0.22 odds of having a status of learning and memory impair-
ment at baseline, relative to having a normal cognition status 
(95% CI [0.17, 0.29]).

Participating in a sports or social club, reading, engaging in 
puzzles, engaging in games, phone or internet use, gardening 
and maintenance, watching television, and sewing and engag-
ing in other crafts were associated with decreased odds of 
having a status of perceptual-motor function impairment at 
baseline, relative to having a normal cognition status (Figure 
3). These odds ratios ranged from 0.20 (95% CI [0.14, 0.28]) 
for reading to 0.66 (95% CI [0.52, 0.84]) for gardening and 
maintenance (Supplementary Table C). Engaging in at least 
four social and leisure activities was associated with 0.25 
odds of having a status of perceptual-motor function impair-
ment at baseline, relative to having a normal cognition status 
(95% CI [0.18, 0.35]).

Reading (OR = 0.43, 95% CI [0.33, 0.55]), phone or inter-
net use (OR = 0.75, 95% CI [0.58, 0.96]), and watching 

television (OR = 0.46, 95% CI [0.31, 0.68]) were associated 
with decreased odds of having a status of temporal disorien-
tation at baseline, relative to having a normal cognition status 
(Figure 3; Supplementary Table C). Engaging in at least four 
social and leisure activities was associated with 0.74 (95% CI 
[0.57, 0.95]).

Predictive associations between baseline social and leisure 
activities and cognition status transitions
Table 2 presents the statistically significant associations 
observed between engaging in specific social and leisure activ-
ities at baseline (and an additional variable reflecting a median 
split of the total number of social and leisure activities) and 
subsequent cognition status transitions, relative to main-
taining the same status (details presented in Supplementary 
Table D). Associations under the diagonal may generally be 
understood to be unfavorable transitions (e.g., transitioning 
from learning and memory impairment to death), although 
associations above the diagonal may generally be understood 
to be favorable transitions (e.g., transitioning from temporal 
disorientation impairment to normal cognition). For all sta-
tistically reliable transitions observed, engaging in the social/
leisure activity was either associated with reduced odds of 
experiencing an unfavorable transition, or increased odds of 
a favorable transition.

For individuals with a baseline status of normal cogni-
tion, engaging in at least four social and leisure activities 
was associated with decreased odds of death relative to 
keeping the same status (Table 2; Supplementary Table D). 
Reading, phone and internet use, sewing or engaging in 
other crafts, and engaging in at least four social and leisure 
activities were associated with decreased odds of transi-
tioning to the learning and memory impairment cognitive 
status for this group, relative to keeping the same status. 
There were no other statistically significant moderating 
effects of social and leisure activities on latent status tran-
sition probabilities.

For individuals with a baseline cognition status of tem-
poral disorientation, attending a class, watching television, 
and sewing and engaging in other crafts were associated 
with decreased odds of death, relative to keeping the same 
status (Table 2; Supplementary Table D). Reading, working 
on puzzles, phone and internet use, gardening/maintenance, 
and engaging in at least 4 social and leisure activities were 
associated with increased odds of transitioning to the normal 
cognition status, relative to keeping the same status.

Figure 2. Prevalence and transition probabilities associated with latent 
statuses identified in random intercept-latent transition analysis, based 
on the estimated model among participants from the Mexican Health 
and Aging Study included in these analyses (n = 9,091).

Figure 3. Odds ratios with 95% confidence intervals of engaging in 
various social and leisure time activities on baseline cognitive statuses, 
relative to normal cognition status, based on the estimated model 
among participants from the Mexican Health and Aging Study included in 
these analyses (n = 9,091).
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For individuals with a baseline cognition status of per-
ceptual-motor function impairment, sewing and engaging in 
other crafts, and engaging in at least four social and leisure 
activities were associated with decreased odds of death, rela-
tive to keeping the same status (Table 2; Supplementary Table 
D). Reading was associated with increased odds of transi-
tioning to the normal cognition status, relative to keeping the 
same status.

For individuals with a baseline cognition status of learn-
ing and memory impairment, gardening/maintenance, 
watching television, and engaging in at least four social and 
leisure activities were significantly associated with decreased 
odds of death, relative to keeping the same status (Table 
2; Supplementary Table D). Reading was associated with 
increased odds of transitioning to the temporal disorientation 
cognitive status, relative to keeping the same status. There 
were no other statistically significant moderating effects of 
any activities on latent status transition probabilities for indi-
viduals with this cognition status at baseline.

Discussion
We used RI-LTA to identify latent statuses reflective of cog-
nitive functioning in longitudinal, nationally representative 
data from Mexico. We observed latent cognitive statuses that 
we termed normal cognition (43% of the sample at baseline), 
temporal disorientation (30%), perceptual-motor function 
impairment (7%), and learning and memory impairment 
(20%). Individuals with a status of perceptual-motor func-
tion impairment and learning and memory impairment were 
characterized by impairment in one or more cognitive tasks 
and were more likely to die during follow-up than those with 
a normal cognition status. Social and leisure activities were 
associated with reduced odds of death, reduced odds of disad-
vantageous cognitive statuses and transitions, and increased 
odds of beneficial cognitive statuses and transitions.

Our findings comport with investigations that have used 
similar analytic methods in other cohorts (Huang et al., 2019; 
Moorman et al., 2021; Zammit et al., 2020). The identifica-
tion by Zammit and colleagues (2020) of a status reflecting 
frontal impairment (16% prevalence at baseline) is conceptu-
ally comparable to our perceptual-motor function impairment 
status—both reflect performance suggestive of impairment 
in perceptual speed and orientation (Zammit et al., 2020). 
Zammit et al. and Moorman et al. (2021) also identified cog-
nitive statuses comparable to the status we termed learning 
and memory impairment (labeled memory-specific impair-
ment and high fluency performance, respectively; Moorman 
et al., 2021; Zammit et al., 2020). Individuals with this status 
may be particularly at-risk, as a decline in learning and mem-
ory is a hallmark of Alzheimer’s disease progression (Sachdev 
et al., 2014). In our study, this status was associated with the 
highest odds of death.

Unlike the analyses conducted by Zammit et al. (2020), 
Moorman et al. (2021), and Huang et al. (2019), in our study 
we did not identify a status characterized by categorical cog-
nitive impairment. This may be due to general cohort dif-
ferences (e.g., our sample was younger than others) and/or 
because MHAS made use of abridged proxy interviews (e.g., 
with family members) that may have reduced direct partici-
pation from individuals with more severe cognitive impair-
ment (proxy interviews were not included in the present 
study). Moorman et al. (2021) identified a status reflective 

of language impairment, and Huang et al. (2019) identified 
a status reflective of impairment in complex attention, but 
the items operationalizing these neurocognitive domains did 
not appear to differentiate the statuses we observed. The pres-
ent study is unique given its focus on older adults in Mexico. 
Factors such as a lack of access to care and cultural differ-
ences (e.g., an inclination toward familial caregiving) may 
contribute to delayed contact with health care institutions 
and worse prognosis for cognitive outcomes in this popula-
tion (Janevic & M Connell, 2001; Mausbach et al., 2004). 
More research is needed to better the understand unique chal-
lenges and opportunities older adults in Mexico may have as 
they relate to cognitive outcomes.

The Multi-level Leisure Mechanisms Framework identifies 
over 600 mechanisms of action in a conceptual hierarchy that 
maps out how social and leisure activities may affect health 
and cognition outcomes (Fancourt et al., 2021). The frame-
work posits that one avenue through which social and lei-
sure activities may affect health outcomes is by altering brain 
physiology. For example, social and leisure activities may help 
to increase cognitive reserve, the brain’s ability to engage in 
cognitive compensatory processes to circumvent neuropatho-
logical damage (Stern, 2009). Habitual reading has been the-
orized to increase cognitive reserve (Chan, 2021; Farina et 
al., 2018; Scarmeas & Stern, 2003), and in the present study 
reading was the strongest predictor of beneficial transitions in 
cognitive status. Our findings are consistent with other stud-
ies that have suggested reading may be beneficial for memory 
trajectories (Simon et al., 2022), and particularly protective 
against cognitive decline and dementia relative to other social 
and leisure activities (Scarmeas et al., 2001; Verghese et al., 
2003; Wang et al., 2002). The results of the present study are 
consistent with the hypothesis that reading may help increase 
cognitive reserve.

In contrast to reading, which was a robust predictor of 
beneficial transitions in cognitive status, sewing or engaging 
in other crafts was associated with reduced odds of some of 
the less favorable transitions in cognitive status observed (i.e., 
reduced odds of death and learning and memory impairment). 
These findings align with previous studies, which found that 
productive activities, including sewing, knitting, crocheting, 
and weaving, are associated with a lower risk of dementia 
in older adults (Wang et al., 2002). Further, an intervention 
study found that lifestyle interventions centered on sewing 
and digital photography led to improvements in episodic 
memory in older adults (Park et al., 2014). Sewing or engag-
ing in other crafts may exert protective effects on health and 
cognition by increasing activation in brain regions associated 
with attention and sensory processing (Fancourt et al., 2021). 
More research is needed to investigate the potential mecha-
nisms through which specific social and leisure activities may 
influence health outcomes, and how this information may be 
incorporated into targeted health promotion efforts.

The Multi-level Leisure Mechanisms Framework also indi-
cates that social and leisure activities may improve health 
and cognition outcomes via social processes (Fancourt et al., 
2021). This aligns with the conceptual model put forth by 
Berkman, Glass, Brissette, and Seeman (2000), which suggests 
that increasing one’s social networks can facilitate health-pro-
tective social support, social influence, social engagement, 
and access to resources and material goods (Berkman et al., 
2000). Inherently social activities may confer these benefits 
as well as provide opportunities for mental and physical 

http://academic.oup.com/psychsocgerontology/article-lookup/doi/10.1093/geronb/gbad082#supplementary-data
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exertion. In the present study, we did not observe evidence 
that some of the more apparently social activities (i.e., vol-
unteering, attending a sports or social club, playing games) 
were predictive of beneficial transitions in cognitive states. 
This contrasts with literature that has identified marked cog-
nitive benefits to be associated with varied social activities for 
older adults, such as high-intensity volunteering (Carlson et 
al., 2015; Fried et al., 2013; Gruenewald et al., 2016). It may 
be that more precise measures of social and leisure activities, 
perhaps including timeframe, variety, and frequency of social 
and leisure activities and/or the more granular processes that 
these activities entail (e.g., organizing, planning) may afford 
a more nuanced understanding of the effects social activities 
on cognitive outcomes (Bielak, 2017; Bielak & Gow, 2023). 
Given the importance of social processes in healthy aging, 
more research is needed to investigate how to help increase 
health-promoting social interactions and resources in older 
Mexican adults. These findings comport with other research 
that has suggested that social and physical activities may 
have less robust effects on cognitive functioning than men-
tally stimulating activities (Yates et al., 2016). More explicitly 
social activities may be relevant for certain aspects of cogni-
tive functioning, such as they relate to speed and vocabulary, 
whereas mentally stimulating activities may be more strongly 
linked to memory-related outcomes (Simon et al., 2022). It 
may also be that in the present study, some of the more osten-
sibly individualistic leisure activities still affected cognitive 
outcomes via broadening social networks.

Engaging in gardening/maintenance activities was nega-
tively associated with mortality for those with a Learning 
and memory impairment status. We did not, however, 
observe evidence that engaging in gardening/maintenance 
activities was protective against cognitive decline. These 
null findings comport with other studies that have exam-
ined the impact of physical activity on cognition in older 
adults in the context of social and leisure activities (Simon 
et al., 2022; Verghese et al., 2003; Wang et al., 2002). 
However, studies that have featured longer timelines and 
more direct measures of physical activity have found phys-
ical activity to protect against cognitive decline associated 
with pathology (Demurtas et al., 2020; Pisani et al., 2021). 
Physical activity may be more apt to building brain reserve 
(e.g., the number of neurons and synapses within certain 
structures of the brain [Stern, 2012]), whereas cognitively 
stimulating leisure and social activities may help to build 
cognitive reserve (Cheng, 2016). These distinct processes 
relevant to cognitive functioning may entail different time 
periods and benefits.

We found that engaging in at least four social and leisure 
activities was negatively associated with mortality for most 
cognitive statuses at baseline, relative to maintaining the 
same status. Higher overall engagement in social and leisure 
activities was also associated with decreased risk of learning 
and memory-related cognitive decline for those with a nor-
mal cognition status. These findings are in accord with previ-
ous studies that found that high engagement in varied social 
and leisure activities to be associated with a reduced risk of 
cognitive decline, Alzheimer’s disease, and dementia in older 
adults (Hu et al., 2012; Lee et al., 2021; Scarmeas et al., 2001; 
Verghese et al., 2003; Wang et al., 2002; Wilson et al., 2002). 
Engaging in a variety of social and leisure activities may be 
particularly beneficial for older adults, and perhaps even con-
fer greater benefits than engaging in a higher frequency of a 

limited number of social and leisure activities (Carlson et al., 
2012; Lee et al., 2021). This may be in part due to broadening 
social networks or building resilience (Berkman et al., 2000).

Finally, performance on the temporal orientation task 
seemed to serve as a differentiating factor between the nor-
mal cognition status and the temporal disorientation sta-
tus, which were otherwise quite similar. About a third of 
individuals with a temporal disorientation status at base-
line subsequently transitioned to a normal cognition status. 
Individuals with a temporal disorientation status, however, 
had a markedly increased probability of transitioning to 
one of the impaired statuses or death within the study 
period (greater than 40%). Temporal disorientation is com-
mon in older adults (Kington & Stewart, 2011), and may 
be an early indicator of impairment in memory domains 
and predictor of incident Alzheimer’s disease (Ashford et 
al., 1989; Guerrero-Berroa et al., 2009; Ryan et al., 2009). 
This may be a useful marker to help identify people who 
may be at risk of Alzheimer’s disease and related dementias 
for early intervention.

The conclusions that can be drawn from this study are 
limited by its observational design, which precludes causal 
inference. Although engaging in leisure behaviors in later 
life may preserve existing cognitive function (Hackett et al., 
2019; Penninkilampi et al., 2018), an alternative explanation 
is that prodromal symptomatology instead preempts a reduc-
tion in social and leisure activities (Sommerlad et al., 2020). It 
may have been that in the present study cognitive impairment 
caused participants to withdraw from some or all of the activ-
ities investigated. More research designed to evaluate causal-
ity is needed to investigate the potentially protective effects 
of social and leisure activities on cognition in older Hispanic 
adults. Furthermore, practice effects may have influenced the 
longitudinal patterns of cognition we observed (Salthouse, 
2019). This study is also limited by self-reported measure-
ment of social and leisure activities; this form of measure-
ment has well-documented limitations to construct validity 
(e.g., recall bias, social desirability bias). Lastly, the six-year 
follow-up period may have been too short to fully capture the 
dynamic relationships between cognitive aging, mortality, and 
engagement in social and leisure activities. Strengths of the 
study included objective measurement of cognitive function-
ing, the use of a nationally representative data set, advanced 
handling of missing data, and modeling death directly to limit 
survivorship bias.

Using RI-LTA of cognitive functioning in a longitudi-
nal, nationally representative sample from Mexico we 
identified four discrete, latent cognitive statuses: normal 
cognition, temporal disorientation, perceptual-motor func-
tion impairment, and learning and memory impairment. 
Various social and leisure activities were associated with 
health-protective and cognitive benefits, and these rela-
tionships were moderated by cognitive status at baseline. 
Identifying commonly occurring patterns in cognitive func-
tioning and mapping the effects of popular social and lei-
sure activities onto them may inform the development of 
enjoyable lifestyle interventions.

Supplementary Material
Supplementary data are available at The Journals of 
Gerontology, Series B: Psychological Sciences and Social 
Sciences online.
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