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Abstract
Objectives: Better understanding of the lifestyle activities shared among older adult subgroups may inform further health 
behavioral interventions that can be deployed at the group or community level. We applied latent class analysis to charac-
terize qualitatively distinct lifestyle engagement groups, examined their differential risk of incident dementia, and compared 
their predictive utility to traditional activity frequency and variety scores.
Method: Participants were from the Ginkgo Evaluation of Memory Study (N = 3,068, mean age = 78.5). Lifestyle activities 
were measured at baseline using the Lifestyle Activity Questionnaire. All-cause dementia was screened every 6 months and 
cases were clinically adjudicated. Median follow-up was 6 years. Time to dementia was assessed using discrete-time pro-
portional hazards models, adjusted for demographic and health covariates.
Results: Latent classes provided slightly poorer case discrimination than the frequency scores but identified distinct qual-
itative subgroups. In the 4-class model, the Variety (22%) and Intellectual (18%) lifestyle groups had high engagement 
in intellectual activities, whereas the Variety and Social groups (32%) had high engagement in formal social activities. 
Compared to the Least Active group (28%), the Variety (hazard ratio [HR] = 0.67, 95% confidence interval [CI]: 0.48, 
0.93) and Intellectual (HR = 0.65, 95% CI: 0.45, 0.93) groups had significantly lower risk of incident dementia, but only 
among those without prevalent mild cognitive impairment.
Discussion: Older adults highly engaged in intellectual activities, but not necessarily social activities, had the lowest risk 
of incident dementia. Activity frequency scores provided only slightly better case discrimination than activity variety scores 
and latent classes. Latent classes of older adults differed by their amount and types of activities, which may inform inter-
vention design.
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With increasing active life expectancy postretirement 
(Crimmins et al., 2016), older adulthood brings about novel 
chances for lifestyle activity engagement. This potential for 
new or renewed engagement in physical, cognitive, and 
social activities has been suggested as one way to prevent 
cognitive impairments in later life (Livingston et al., 2020). 
To that end, several studies have found that self-reported 
lifestyle activities are protective against incident dementia 
(Bennett et al., 2014; Scarmeas et al., 2001; Verghese et al., 
2003; Wilson et al., 2007). Yet, it remains unclear which 
aspects of activities (e.g., amount, type) are the most pre-
dictive and the most informative for interventions.

Engagement in a larger number of enriching activities 
in later life (i.e., activity variety) is thought to be directly 
related to complexity of one’s lifestyle (Carlson et  al., 
2012). Research using variety measures has found that the 
number of activities endorsed, regardless of the frequency 
with which one participates in them, is associated with 
reduced risk of incident dementia (Scarmeas et al., 2001; 
Verghese et al., 2003) and cognitive decline (Carlson et al., 
2012; Chan et  al., 2019), potentially through increased 
brain reserve (Bennett et al., 2014; Moored et al., 2020). 
To study the benefits of activities that draw on specific 
functions (e.g., social, cognitive, etc.), researchers typi-
cally categorize activities into subdomains, either using a 
priori classification (Parisi et al., 2012), cognitive intensity 
weighting (Carlson et al., 2012), or factor analytic (Hultsch 
et al., 1999) methods. These approaches are important for 
identifying specific activity types that are most protective 
against cognitive impairment and decline.

Activities that are physically demanding (e.g., aerobic 
exercise) have consistently been linked with greater cog-
nitive functioning in older adults (National Academies 
of Sciences, Engineering, and Medicine, 2017). Although 
more mixed, there is also increasing evidence for intellec-
tual and social activities contributing to cognitive health in 
later life. More frequent engagement in a higher number of 
intellectual activities has been linked with lower risk of de-
mentia (Scarmeas et al., 2001; Verghese et al., 2003; Wilson 
et  al., 2007) and improved cognitive functioning (Bielak, 
2010; Carlson et al., 2012; Hultsch et al., 1999). Hultsch 
and colleagues (1999) found that intellectual activities en-
couraging “novel information processing” appeared to 
have the largest protective associations, and several studies 
suggest that intellectual engagement particularly bene-
fits perceptual speed and memory domains (Bielak, 2010; 
Carlson et al., 2012). When accounting for level of intel-
lectual engagement, social activities (e.g., socializing with 
friends) have appeared less protective against cognitive 
declines (Scarmeas et al., 2001; Wilson et al., 2007). Yet, 
social lifestyle factors (e.g., network size, loneliness) have 
been linked with reduced risk of dementia (Bennett et al., 
2014; Fratiglioni et al., 2004; Kelly et al., 2017), suggesting 
that social engagement may mitigate cognitive impairment 
through alternative mechanisms (e.g., increased connected-
ness/social support, reduced loneliness).

Expanding upon prior literature, we used a novel ap-
plication of latent class analysis (LCA) to characterize 
lifestyle engagement groups using both number and type 
of activities (Collins & Lanza, 2010). By grouping indi-
viduals by their response patterns, rather than activity 
count, LCA may better characterize lifestyle engage-
ment variation by specifying which types of activities are 
shared by individuals who have similar numbers of ac-
tivities. We hypothesized that individuals would group 
by specific activity types as defined by the prior litera-
ture (e.g., intellectual vs social activities), with those spe-
cifically active in intellectual activities being the most 
protected against incident dementia (Parisi et al., 2012; 
Wilson et al., 2007).

A further advantage of LCA is that it groups indi-
viduals rather than activities (i.e., person-centered vs 
item-centered), and it could further inform whether 
individuals group by activities within or across mul-
tiple established domains (intellectual, social, physical). 
Given that lifestyle activities are multidimensional, this 
may inform novel ways to classify activities and iden-
tify which groups are at risk by virtue of their shared 
lifestyles. For example, sociodemographic, health, and 
psychosocial factors contribute to later-life differences 
in life-space mobility (Allman et  al., 2006), defined as 
the spatial area in which individuals move in daily life, 
which could influence settings in which they are ac-
tive. Thus, we also hypothesized that individuals would 
group by activity setting, such as informal (e.g., playing 
cards) versus formal social activities (e.g., volunteering). 
Similar patterns were found in a recent study of social 
engagement in older adults with mild cognitive impair-
ment (MCI: Amano et  al., 2020), where individuals 
with more formal and informal (vs only informal) social 
engagement were more likely to have higher cognitive 
functioning.

The purpose of this study was twofold. First, we exam-
ined whether activity frequency and variety predicted de-
mentia risk after adjusting for demographic and health 
confounders. We also examined potential effect modifi-
cation by prevalent MCI, given the potential for reverse 
causation, where individuals may have already modified 
their baseline activity engagement by virtue of their cog-
nitive status (Gow et al., 2012). Examining those without 
prevalent MCI separately may help address potential re-
verse causation by estimating a separate association for 
individuals whose baseline activity engagement was less 
likely impacted by existing cognitive impairment. Second, 
we examined whether using a data-driven LCA approach 
better predicted dementia risk or provided additional ben-
efit in terms of understanding qualitative differences in 
activity patterns without sacrificing model fit. Better under-
standing of the types of activities driving group differences 
in engagement may inform which settings are most relevant 
for intervention and the ways in which individuals are mo-
tivated to be active.
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Method

Participants

Participants were volunteers from the Ginkgo Evaluation 
of Memory Study, a randomized clinical trial testing the 
efficacy of Ginkgo biloba supplements for preventing de-
mentia (DeKosky et  al., 2006, 2008). Participants were 
at least 75  years old and free of dementia at baseline. 
Recruitment occurred at four study sites: Hagerstown, 
Maryland; Pittsburgh, Pennsylvania; Winston-Salem/
Greensboro, North Carolina; and Sacramento, California. 
Details regarding eligibility, recruitment, and the interven-
tion are found elsewhere (DeKosky et al., 2006; Fitzpatrick 
et  al., 2006). Individuals with MCI were included (Snitz 
et  al., 2009). Data collection occurred from September 
2000 to April 2008. A total of 3,069 individuals were en-
rolled. One individual was missing all responses for the 
Lifestyle Activity Questionnaire and was removed from 
the analysis. Participants provided written informed con-
sent, and the study was approved by the Johns Hopkins 
Bloomberg School of Public Health Institutional Review 
Board and all other sites involved in the study.

The sample had an average baseline age of 78.5 
(SD = 3.3), was mostly White (95%), and had an approx-
imately even sex distribution (53% male; Table 1). Most 
participants were highly educated (36% with high school 
degree or less). About half of the participants rated their 
health as “very good” or “excellent,” few had significant 
depressive symptoms (7%), and most had few medical 
comorbidities (M = 1.4, SD = 1.1).

Measures

Lifestyle Activity Questionnaire
At baseline, participants were asked the frequency with 
which they participated in 26 activities (e.g., reading, 
gardening, etc.) over the past year on a 6-point Likert 
scale (0  =  never/less than once a month, 5  =  every day). 
Frequencies were rescaled to be interpreted as the approx-
imate number of days of engagement in the past month 
(Carlson et al., 2012). Items were also recoded as a binary 
(yes/no) variable indicating whether or not participants en-
gaged in each activity at least once per month during the 
past year. Dichotomizing responses mitigated problems 
with data sparseness (Collins & Lanza, 2010).

Selecting activities.—To further mitigate data sparseness is-
sues, we removed activities a priori based on two criteria: 
(a) empirical: removing activities endorsed by more than 
90% or less than 10% of the sample, as these activities 
would not provide substantial variance for model estima-
tion, and (b) theoretical: removing activities of daily living 
(ADLs) and instrumental ADLs (e.g., cooking) and activi-
ties previously identified as “passive” (e.g., listening to the 
radio [Parisi et  al., 2015]). This resulted in a final group 
of 18 activities (Table 2), which included activities from Ta
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the remaining “physical,” “intellectual/creative,” and “so-
cial” domains. Participants reported about nine activities, 
on average (SD = 3.0). “Reading books” was the most fre-
quently reported (83%), while “drawing and painting” was 
the least reported (11%; Table 2).

Dementia adjudication
Details regarding dementia adjudication have been described 
elsewhere (DeKosky et  al., 2008). Screening for incident 
dementia took place every 6  months for up to 7.5  years. 
Participants were administered the full neuropsychological 
test battery after screening if they had a decrease in score on at 
least two of the three following tests: Modified Mini-Mental 
State Examination (Teng & Chui, 1987), Clinical Dementia 
Rating (CDR) Scale (Morris, 1993), or the Alzheimer’s 
Disease Assessment Scale-Cognitive Subscale (Mohs, 1996). 
Adjudication was performed by a panel of expert clinicians 
using the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition criteria for dementia (American 

Psychiatric Association, 2000), informed by results from the 
test battery, neurological exam, and a brain magnetic reso-
nance imaging (MRI) scan (DeKosky et al., 2006).

Descriptive covariates
Demographics.—Baseline demographic variables included 
age (years), race (White/non-White), education (high 
school, some college, college graduate, professional de-
gree), intervention group, and study site.

Medical comorbidities.—Participants reported their current 
medical conditions and risk factors at baseline. These in-
cluded self-reported hypertension, current/former smoking, 
diabetes, acute myocardial infarction, heart failure, atrial 
fibrillation, stroke, and transient ischemic attack. A  sum 
count of each binary (yes/no) response to these variables 
was generated to measure total medical comorbidities.

Table 2. Frequency of Self-Reported Lifestyle Activity Questionnaire Activities Over the Past Year

Activity subdomain

Proportion participating  
at least once a month

Reason(s) removed N Percent

Selected activities
 Reading a book Intellectual 2,545 82.9  
 Walking Physical 2,526 82.3  
 Gardening Physical 2,262 73.7  
 Assist family Social 2,250 73.3  
 Attend church/religious service Social 2,248 73.2  
 Clubs/organizations Social 2,241 73.0  
 Sewing, mending, fixing things Intellectual 2,220 72.3  
 Volunteering Social 1,749 57.0  
 Playing cards or games Social 1,535 50.0  
 Using computer Intellectual 1,247 40.6  
 View art Intellectual 1,167 38.0  
 Crossword puzzles Intellectual 1,141 37.2  
 Going to plays/concerts Social 1,127 36.7  
 Singing, playing instrument Intellectual 1,023 33.3  
 Babysitting Social 943 30.7  
 Movies Social 867 28.2  
 Taking courses Intellectual 521 17.0  
 Drawing or painting Intellectual 344 11.2  
Removed activities
 Watching TV Passive 3,021 98.4 High frequency, passive
 Shopping Physical 3,004 97.9 High frequency, IADL
 Reading a newspaper Intellectual 2,984 97.2 High frequency
 Discussing local or national issues Social 2,881 93.8 High frequency
 Visiting others Social 2,844 92.6 High frequency
 Listening to radio (music) Passive 2,787 90.8 High frequency, passive
 Balancing checkbook Intellectual 2,423 78.9 IADL
 Listening to radio (not music) Passive 2,416 78.7 Passive
 Cooking/preparing food Intellectual 2,313 75.3 IADL
 Hunting/camping Physical 274 8.9 Low frequency

Note: IADL = instrumental activity of daily living.
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Depressive symptoms.—A modified 10-item Center for 
Epidemiologic Studies Depression (CES-D) Scale (Radloff, 
1977) was used to measure depressive symptoms at base-
line (Supplementary Appendix B). Items were measured 
on a 4-point Likert scale (0 =  rarely/none of the time to 
3 = most of the time). Responses were summed to produce a 
composite depressive symptom score, and scores ≥10 were 
identified as potential clinical depression (Björgvinsson 
et al., 2013).

Mild cognitive impairment.—Prevalent MCI was defined as 
meeting two criteria (Snitz et al., 2009): (a) a CDR global 
score of 0.5 and (b) scoring ≤10th percentile on at least two 
of 10 neuropsychological test scores in memory, language, 
visuospatial abilities, attention, and executive function 
domains. The 10th percentile cutoffs were based on nor-
mative data from the Cardiovascular Health Study (Snitz 
et al., 2009).

Analytic Strategy

Latent class analysis
We used LCA to group individuals by both quantity and 
types of activity engagement. Class enumeration was deter-
mined by fitting a series of models of increasing numbers 
of classes. To account for the large number of indicators 
included, and to assess the degree to which the enumera-
tion process was sensitive to specific activities, we first con-
ducted repeated latent class analyses using 10 semirandom 
subsets of nine of the 18 activities (four intellectual, one 
physical, and four social; Supplementary Appendix C). We 
used a lower Bayesian information criterion (BIC) and sig-
nificant bootstrapped likelihood ratio test (BLRT) as the 
selection criteria (Nylund et al., 2007).

After determining a range of best-fitting solutions using 
the activity subsets, we fit a full model using all 18 activi-
ties and examined the theoretical interpretability across the 
range of solutions (Collins & Lanza, 2010). A model with 
fewer classes that captured distinct activity groupings but 
adhering to our a priori hypotheses (e.g., social vs intellec-
tual) was favored over a model with more classes that had 
significant overlap with existing classes or that appeared 
to be distinguished by engagement in a single activity. 
Individuals were assigned to classes with the highest poste-
rior probability (Lanza, Tan, & Bray, 2013).

Comparison approaches.—We compared the above LCA 
model with two approaches commonly used in the liter-
ature. Both approaches generated continuous composites 
based on item-level rather than person-level grouping. 
First, activity variety was defined as the sum of activities 
engaged in at least once per month (Chan et  al., 2019). 
Second, we calculated average frequency scores for intel-
lectual, social, and physical subdomains informed by prior 
literature (Table 2; Hultsch et al., 1999; Parisi et al., 2012; 

Wilson et  al., 2007). Intellectual activities included those 
high in cognitive demand (e.g., taking courses, playing an 
instrument), whereas social (e.g., church, movies) and phys-
ical (e.g., gardening, walking) domains included activities 
previously rated as less cognitively demanding (Carlson 
et al., 2012).

Time-to-dementia analysis
We used activity variety scores, frequency scores, and class 
assignment as predictors in separate hierarchical discrete-
time proportional hazards analyses of time-to-dementia 
onset. Complementary log–log regressions were used to 
estimate the hazard ratios (HRs) for each predictor. Study 
entry was at the baseline evaluation session. Study exit oc-
curred at either the time of dementia onset, death, or last 
study contact. Time (by visits) was included as discrete in-
dicators (visits 1–15). The proportional hazards assump-
tion was explored using time-specific (i.e., Predictor ×  
Time) terms for each predictor (Royston & Lambert, 
2011), and any predictors in violation were examined in 
stratified analyses. Model 1 included only the activity va-
riety score or activity class indicators (in separate models). 
Model 2 was adjusted for potential confounders, including 
treatment group, study site, baseline age (Buchman et al., 
2014), sex (Wu et al., 2017), race (Mayeda et al., 2016), 
education category (Wilson et al., 1999), baseline depres-
sion (CES-D ≥ 10 [Glass et al., 2006]), and baseline med-
ical comorbidities (Saunders et  al., 2016). We included 
spline terms for each 5-year interval of baseline age (i.e., 
>80, >85, >90) to allow for a nonlinear relationship be-
tween age and dementia. Model 3 further stratified by 
MCI status.

To compare the predictive utility of the variety score 
versus the lifestyle engagement groups, we generated re-
ceiver operating characteristic curves for each model and 
compared their respective areas under the curves (AUCs) 
(Zweig & Campbell, 1993). AUCs indicated the extent 
to which the included variables discriminate between 
those who did and did not have incident dementia, with 
a higher AUCs representing better discrimination. Tenfold 
cross-validation was implemented to produce more gen-
eralizable AUC estimates using the “cvauroc” package in 
Stata (Luque-Fernandez et al., 2019). Mean cross-validated 
AUCs were reported.

Sensitivity analyses
Latent class analyses may yield classes where certain 
covariate ranges are not observed (i.e., “nonpositivity”), 
rendering simple covariate adjustment insufficient (Collins 
& Lanza, 2010). We therefore generated propensity scores 
using multinomial logistic regressions of modal class as-
signment on the covariates to further examine the covariate 
spread across classes (Lanza, Coffman, & Xu, 2013). We 
also tested models using an alternative three-step approach 
(Vermunt, 2010) to assign individuals to latent classes 
(Supplementary Appendix D).
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Results

Latent Class Analysis

Class enumeration
Using a lower BIC and significant BLRT as the selec-
tion criteria, a three- to five-class solution was generally 
the best fit across the 10 semirandom subsets of activ-
ities. Notably, for some activity subsets, the five-class 
models had convergence issues due to sparse response 
patterns, in which case a four-class model was chosen 
(Supplementary Table C.1).

Figure 1 presents the item-response probabilities for 
the four-class model for the full set of 18 items. While 
the five-class model fit better than the four-class model 
when including all items (Supplementary Table C.2), the 
additional fifth class overlapped substantially with ex-
isting classes and the item-response estimates had wide 
confidence intervals (CIs; Supplementary Figure D.1). 
We therefore selected a four-class model for the primary 
analyses.

Class structure
The four lifestyle groups were Variety (n  =  662, 22%), 
Intellectual (n = 514, 18%), Social (n = 1,036, 32%), and 
Least Active (n = 856, 28%). There were important differ-
ences in both number and types of activities across groups 
(Figure 1). The Variety and Intellectual groups had high 
probabilities of engagement in intellectual activities (e.g., 
viewing art, computer use). These groups also had higher 
engagement in informal social activities (e.g., movies, con-
certs, playing cards). In contrast, the Variety and Social 
groups had high probabilities of engagement in formal so-
cial activities (e.g., volunteering, church). Finally, the Least 
Active group had lower probabilities of engagement in 

most activities, excluding some home-based activities (e.g., 
gardening). 

Time-to-Dementia Analyses

There was a median of 6.0 years of follow-up (interquartile 
range: 4.9, 6.5). Only MCI status was in violation of the 
proportional hazards assumption, so we included models 
stratifying by MCI status (Model 3).

Lifestyle engagement classes predicting dementia risk
Compared to individuals in the Least Active group, the 
Variety group had a 40% reduced risk (95% CI: 0.47, 
0.77, p < .001), the Intellectual group had a 45% reduced 
risk (95% CI: 0.41, 0.73, p < .001), and the Social group 
had a 20% reduced risk (95% CI: 0.65, 0.98, p  =  .033) 
of incident dementia in the unadjusted model (Table 
3, Model 1; Figure 2). Associations for the Variety and 
Intellectual groups remained significant after adjusting for 
demographic and health confounders (ps < .05; Table 4, 
Model 2). Stratifying by MCI status (Model 3)  revealed 
that the associations for the Variety (HR = 0.67, 95% CI: 
0.49, 0.93, p = .017) and Intellectual (HR = 0.65, 95% CI: 
0.45, 0.93, p = .018) groups remained significant for those 
without prevalent MCI only. There was no significant dif-
ference in risk of dementia between the Social and Least 
Active groups after stratifying by MCI (ps > .05).

Sensitivity analyses using the three-step class assignment 
approach (Vermunt, 2010; Supplementary Table D.1) and 
excluding individuals with high propensity scores yielded 
similar results (Supplementary Table D.2). Notably, there 
was no significant difference in risk of dementia between 
the Social and Least Active groups in any model when 
using the three-step approach (ps > .05).

Activity frequency predicting dementia risk
Each additional day of average intellectual activity re-
ported in the past month was associated with 6.6% re-
duced hazard of dementia, adjusting for average frequency 
of physical and social activities (Table 4, Model 1). This 
association remained significant after adjusting for demo-
graphic and health covariates (HR [95% CI]: 0.932 [0.91, 
0.96]). Stratifying by MCI (Model 3) revealed that higher 
frequency of intellectual activities was associated with re-
duced dementia risk for those without MCI (HR: 0.946 
[0.91, 0.98]), but not those with MCI (HR: 0.976 [0.93, 
1.02]). Frequency of physical and social activities was not 
associated with dementia risk, adjusting for frequency of 
intellectual activity (p > .05 for all).

Activity variety predicting dementia risk
Each additional activity reported was associated with 
8.4% reduced hazard of dementia (Supplementary Table 
E.1, Model 1). This association was slightly attenuated but 
still significant after adjusting for demographic and health 

Figure 1. Probabilities of engagement in each activity by latent class for 
the four-class model. CW = crossword. Error bars represent 95% con-
fidence intervals for item-response probability estimates. Black solid/
circles: Class 1: Variety; black dashed/squares: Class 2: Intellectual; gray 
dotted/diamonds: Class 3: Social; gray dashed/triangles: Class 4: Least 
Active.
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covariates (HR [95% CI]: 0.933 [0.91, 0.96]). Stratifying 
by MCI (Model 3) revealed that lower activity variety was 
associated with higher dementia risk for those without 
MCI (HR: 0.936 [0.91, 0.96]), but not those with MCI 
(HR: 1.01 [0.96, 1.06]).

Comparing model fit indices
The mean cross-validated AUCs were slightly greater 
for adjusted models using average frequencies (mean 
AUC  =  0.733) compared to the latent class indicators 
(mean AUC  =  0.728) and activity variety scores (mean 
AUC = 0.729). This suggests that activity frequency scores 
provided slightly better predictive discrimination of de-
mentia cases out of the three approaches.

Discussion
Our study is among the first to combine the use of tradi-
tional activity metrics with a latent class approach to char-
acterize qualitatively distinct lifestyle engagement groups. 
We found that a four-class model revealed group differ-
ences in activity response patterns. As hypothesized, these 
patterns were distinguished by differences in amount, types 
(e.g., intellectual vs social), and settings (e.g., home-based 
vs community-based) of engagement. Using the traditional 
frequency scores, we found that for those without baseline 
MCI, lower frequency of intellectual activities was associ-
ated with higher risk of incident dementia over the 7-year 
study period. This association remained significant after 
adjusting for several relevant confounders. These findings 
agree with prior work suggesting that a greater frequency 

of intellectual activities is protective against aging-related 
cognitive impairments (Bielak et al., 2019; Verghese et al., 
2006; Wilson et al., 2007). Frequency scores also provided 
slightly better predictive utility than the variety scores and 
latent classes.

Several potential mechanisms may explain the relation-
ship between frequency of activities and dementia risk. 
Engagement in a higher frequency of activities may buffer 
against cognitive impairments through requiring individ-
uals to navigate a complex environment, leading to greater 
utilization and maintenance of cognitive abilities (Schooler, 
1984). Similarly, the enrichment hypothesis (Hertzog et al., 
2008) posits that engagement in diverse activities may mod-
erate neurocognitive impairments through maintenance or 
enhancement of cognitive abilities or through provision 
of compensatory mechanisms, for example, activation of 
synaptic plasticity. Greater frequency of activities may also 
buffer against accumulated pathologies through structural 
and functional brain changes (Stern, 2002).

We did not find a protective association between activity 
engagement and incident dementia for those with prevalent 
MCI. In agreement with a reverse causation account, in-
dividuals with existing cognitive impairments may engage 
differently in and derive less enrichment from the included 
activities as those without impairments, potentially due 
to excessive cognitive demands (Parisi et  al., 2017). The 
Lifestyle Activity Questionnaire included a high number of 
intellectual activities, lending support to this interpretation. 
Alternatively, individuals with MCI may differ from those 
without MCI on unmeasured lifestyle confounders (e.g., 
marital status, income). Others have found that older adults 
with MCI were more likely to be unmarried and have lower 

Figure 2. Cumulative incidence curves of time-to-dementia onset stratified by lifestyle engagement class. Study entry (visit 0) was at date of baseline 
session. Visits occurred at approximately 6-month intervals. Solid line: Class 1: Variety; dashed line: Class 2: Intellectual; dotted line: Class 3: Social; 
dotted/dashed line: Class 4: Least Active.

Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2022, Vol. 77, No. 5 879
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incomes, both of which may impact both activity levels and 
dementia risk (Johnson et al., 2014). Importantly, despite 
finding no association with incident dementia in this study, 
prior studies have found that higher activity engagement 
contributes to higher quality of life regardless of cognitive 
status (Amano et al., 2020; Johnson et al., 2014).

For individuals without prevalent MCI, models in-
cluding average activity frequency scores were better at 
discriminating incident dementia cases than those in-
cluding activity variety or the class indicators. The pre-
dictive utility of frequency versus variety scores has been 
recently debated in the literature (Bielak et al., 2019; Lee 
et  al., 2021). Bielak and colleagues (2019) reported that 
domain-specific frequency scores (e.g., novel, social, etc.) 
had larger associations with cognition than domain-specific 
variety scores, but both provided a similar pattern of find-
ings, suggesting that the measures strongly overlapped. 
Others have found that variety of activities was predictive 
of cognitive outcomes above and beyond total time spent 
in activity (Carlson et al., 2012; Lee et al., 2021). Here, we 
directly compared the discriminatory capacity of frequency 
and variety approaches in predicting dementia using cross-
validated AUCs (Zweig & Campbell, 1993). Like Bielak 
and colleagues (2019), our findings demonstrate substan-
tial overlap between different operationalizations of ac-
tivity engagement. Our results suggest that the quantitative 
difference in frequency of intellectual activities may be pri-
marily providing the protective relationship between life-
style engagement and dementia risk, but also that a count 
of activities (i.e., variety score) may be the simplest method 
to use to develop adequate predictive models of dementia 
incidence. Use of a continuous activity measure is further 
supported by our finding that two of the four latent classes 
(Variety and Least Active) were distinguished primarily by 
their quantity of engagement.

Despite these limitations, findings from the LCA ap-
proach converged with those of the frequency approach, 
while also characterizing group-level differences in ac-
tivity engagement. For instance, we found two groups 
of individuals that were more likely to participate in in-
tellectual activities (i.e., Variety and Intellectual). These 
groups differed in their level of formal social engagement 
(e.g., church, social groups) but had a similar risk of inci-
dent dementia. Furthermore, we observed that the Social 
group, which had high engagement in formal social ac-
tivities, did not have significantly reduced risk of inci-
dent dementia after stratifying by MCI. One potential 
explanation for these findings is that the formal social 
activities may be less cognitively demanding, in general, 
compared to the intellectual activities included here (e.g., 
taking courses). This agrees with the enrichment hypoth-
esis (Hertzog et al., 2008), which suggests that engage-
ment in specifically cognitively demanding activities may 
be especially protective against dementia. Other studies 
have found that more frequent engagement in specifically 
intellectual or cognitively demanding activities appears 
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to have the greatest protective benefit compared to other 
activity types (Hultsch et  al., 1999; Scarmeas et  al., 
2001).

Our person-centered LCA approach also did not rely 
on a priori specification of activity domains, allowing in-
dividuals to group both within and across established 
domains. This was especially important for revealing the 
qualitative differences in social engagement between the 
groups, where those in the Variety group had a high likeli-
hood of participating in most social activities, but those in 
the Social group had a high likelihood of engaging prima-
rily in formal social activities (e.g., church). This splitting 
of social activities into subdomains is not normally done 
in research using activity frequency or variety measures, 
which typically combine all social activities into a single 
index (Hultsch et  al., 1999; Parisi et  al., 2012; Scarmeas 
et al., 2001). Amano and colleagues (2020) recently used a 
similar latent class approach and observed a class of older 
adults with MCI that was characterized by their engage-
ment in informal (e.g., meeting up), but not formal (e.g., 
volunteering) social activities. Our findings extend upon 
this by using a broader range of activities and a sample 
including individuals without MCI. We similarly observed 
a distinct group of older adults (Class 2: Intellectual) who 
had higher likelihood of engagement in informal social ac-
tivities (e.g., movies, playing cards) compared to the other 
groups. Yet, this group was also characterized by higher 
engagement in intellectual activities and ultimately had re-
duced risk of incident dementia.

The difference between informal and formal social 
engagement is important, as it could suggest contextual 
differences in lifestyle between the groups that are rele-
vant to preventing cognitive impairments. Given that the 
Variety and Intellectual groups were more likely to en-
dorse going to movies and concerts; they may be of higher 
socioeconomic status (SES) compared to the other groups. 
Supporting this, the Variety and Intellectual groups were 
more educated than the other groups. Individuals with 
higher SES may have the necessary resources to maintain 
an active lifestyle that buffers against dementia-related 
pathology (Stern, 2002). Alternatively, additional in-
formal social activities may be associated with non-SES 
protective factors, such as having a larger social network 
(Fratiglioni et  al., 2004), expanded life space (James 
et al., 2011), or increased physical activity (Najar et al., 
2019; Voss et al., 2014). Informal social activities, rather 
than formal social activities, may also be associated with 
added environmental complexity (Carlson et  al., 2012) 
due to their less structured nature (e.g., less routine, 
more freedom to choose where and how to perform the 
activity). While we adjusted for education as a proxy of 
SES, future research using additional SES measures (e.g., 
wealth) with a similar LCA approach would help deter-
mine whether SES or social activity is driving this protec-
tive association with dementia. Past research adjusting for 
life-span SES measures found that activity engagement is 

independently associated with dementia risk (Chan et al., 
2019; Wilson et al., 2007).

Finally, the current results further inform a tailored 
intervention approach (Gitlin et al., 2008) for dementia 
prevention in community-dwelling older populations. For 
example, given that the Social group was the most prev-
alent (32%) of the latent classes in the current sample, 
it may represent an important at-risk group relevant to 
future interventions. This group may be more motivated 
to participate in an intervention tied to social engagement 
or nested within a social institution, such as their church 
or social club. Supporting this, the Social group shared 
a similar activity profile to Baltimore Experience Corps 
Trial (BECT) participants, who generally had high vol-
unteerism and church participation (Parisi et al., 2012). 
These existing behavioral factors contribute to social se-
lection into volunteering roles (Anderson et  al., 2014) 
and thus these individuals were likely more motivated to 
participate in the BECT intergenerational volunteering 
intervention. Integrating new interventions into existing 
activity contexts may ultimately promote more sustain-
able behavioral changes relevant to dementia prevention, 
by directly linking the intervention with engagement that 
already gives individuals purpose in life (Boyle et  al., 
2010).

There are limitations to the current study. First, we used 
a retrospective, self-reported inventory to measure activity 
engagement. We attempted to mitigate recall bias by con-
ducting additional analyses using dichotomous activity re-
sponses that did not require recall of precise frequencies of 
engagement. Second, the activities included in the Lifestyle 
Activity Questionnaire are not exhaustive and contained 
few physical activities, which limited our ability to accu-
rately measure the “physical” subdomain of lifestyle activ-
ities and examine class differences in this domain. We also 
did not include all of the Lifestyle Activity Questionnaire 
items in a single LCA model to prevent issues with model 
estimability (Collins & Lanza, 2010). Yet, we removed 
activities based on a clear empirical and theoretical ra-
tionale, and we examined variation in class enumeration 
across activity subsets. Third, our findings are sample-
specific to mostly White participants in a clinical trial, 
and the current findings warrant further replication and 
measurement invariance testing in more diverse samples. 
Finally, despite excluding prevalent dementia cases, there 
may still be reverse causation wherein individuals with 
precursory cognitive impairments report fewer baseline 
activities. Nevertheless, our findings illustrate how these 
at-risk groups may be further restricted to specific home-
based activities, potentially providing a useful preclinical 
marker in the absence of observable cognitive symptoms 
of dementia.

The current study also had several strengths. Our 
sample had a median follow-up of 6 years, excellent reten-
tion, and was well powered to detect differences in time-
to-dementia analyses (DeKosky et  al., 2006). Dementia 
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was also adjudicated by expert clinicians using data from 
neuropsychological testing, neurological exams, and MRI, 
via a consensus conference (Snitz et al., 2009). Finally, our 
novel application of a person-centered LCA approach dem-
onstrated that individuals group naturally by both amount 
and types of activities, and revealed qualitative differences 
in engagement that could imply potential motivational dif-
ferences for staying active in later life. Our study is the first, 
to our knowledge, to use this approach to predict dementia 
incidence.

Conclusion
Increasing active life expectancies after retirement pro-
vides novel opportunities for encouraging lifestyle en-
gagement in later life. The question remains how to 
characterize lifestyle engagement in a way that is useful 
both for predicting relevant health outcomes and for 
deploying health-related interventions. Although activity 
frequency had slightly better discrimination of dementia 
cases, we found substantial overlap in predictive utility 
between frequency, variety, and latent class measures. 
Findings from each approach converged to suggest that 
participating in a higher quantity of intellectual activities 
in later life may protect against incident dementia. Yet, the 
qualitative differences between latent classes indicate that 
older subgroups remain active in different ways, which 
is relevant designing sustainable interventions to promote 
neurocognitive health in later life.
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