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Abstract
Cardiovascular disease risk factors (CVDRFs) increase the risk of dementia. The purpose of this
study was to examine whether leisure activities (mental, physical, and social activities) modified
the effect of CVDRFs on inflammatory markers and cognitive function in middle and old age. A
secondary-data analysis study was conducted using data from 405 middle-age participants (40 –59
years) and 342 old-age participants (60 – 84 years) who participated in the Survey of Midlife
Development in the United States. CVDRFs were obtained from a combination of self-report
medical history and blood-based biomarkers. Three CVDRF groups (≤1, 2, and ≥3 CVDRFs)
were identified. More CVDRFs were significantly associated with higher levels of inflammatory
markers in both age groups, and associated with lower levels of executive function in the old age
group. CVDRFs were not related to the frequency of leisure activities in either age group. After
controlling for covariates, higher levels of physical activities were significantly associated with
lower levels of inflammatory markers, and higher levels of mental activities were associated with
higher levels of cognitive function. In the old age group, physical activities also moderated the
effect of CVDRFs on episodic memory, and mental activities moderated the effect of CVDRFs on
interleukin-6. Multiple CVDRFs may be associated with poorer cognitive function and higher
inflammatory markers, but middle-age and older adults with CVDRFs may not engage in frequent
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physical and cognitive activities that may be protective. It is important to develop strategies to
facilitate engagement in these activities from midlife.

Keywords
physical activities; mental activities; cardiovascular disease risk factors; inflammatory markers;
cognition

Introduction
Dementia is the sixth leading cause of mortality in the United States (Alzheimer’s
Association, 2010). Alzheimer’s disease (AD) and vascular dementia (VaD) are the two
most prevalent types of dementia, together accounting for 80% of all cases of dementia
(Alzheimer’s Association, 2010). Recent converging evidence points to several
cardiovascular disease risk factors (CVDRFs) associated with development of AD and VaD
(Profenno et al., 2011; Yaffe et al., 2009). Over 40 million Americans aged 60 years or older
have one or more types of cardiovascular disease (Roger et al., 2011). While it is important
to control those known CVDRFs, it is also important to maintain cognitive function, an
important indicator of functional independence and high quality of life, when individual are
unable to maintain cardiovascular health. However, it is unclear whether older adults with
CVDRFs are making efforts to prevent cognitive decline.

High levels of inflammatory markers, especially interleukin-6 (IL-6) and C-reactive protein
(CRP), are common in individuals with CVDRFs. Inflammation further increases the risk of
later cardiovascular events and cognitive decline (Kuo et al., 2005; Swardfager et al., 2011).
An observational prospective study of older adults with metabolic syndrome found that
higher levels of inflammatory markers were associated with cognitive decline (Yaffe et al.,
2004). In contrast, in a study of middle- and old-age adults with diabetes, CRP was not
associated with the severity and progression of white matter lesions (Umemura et al., 2011),
suggesting a further clarification of the association between different CVDRFs and
inflammatory markers in a wider age range is needed. If inflammation is one of the potential
mechanisms linking CVDRFs and cognitive deficits in old age, it is possible that effectively
managing inflammation in persons with CVDRFs may indirectly modify cognitive decline.

One way to potentially delay cognitive decline and prevent dementia is to engage in
physical, social, and mental activities that may facilitate positive physiological changes in
the central nervous system and brain (Stern, 2009). Recent studies have shown that physical
activities, including walking, may help preserve cognition in older women with CVDRFs
(Vercambre et al., 2011); and increased physical activities are also associated with decreased
IL-6 in older adults with impaired glucose tolerance (Yates et al., 2011). Less is known
about the protective effect of social or mental activities on cognitive function and
inflammatory process in individuals with CVDRFs. There is evidence to suggest that only
those activities which challenge established neuronal connections may act to reduce risk for
dementia, possibly through increased neural plasticity. For example, in one study, reading
and internet use stimulated brain regions important for memory and other higher order
cognitive abilities (Small et al., 2009), while passive or less cognitively demanding activities
which accommodate with existing cognitive abilities may not have a protective effect. For
example, watching TV was found to have a negative association with cognitive performance
in old age (Akbaraly et al., 2009).

The purpose of this study was to examine whether leisure activities (mental, physical, and
social activities) modified the effect of number of CVDRFs on inflammatory markers (IL-6,
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and CRP) and cognitive function in middle and old age. While we cannot determine
directionality of any putative association with a cross-sectional design, the comparison of
two age groups will allow us to affirm such an association exists across adulthood. We
attempted to address three specific aims: 1) to compare inflammatory markers, cognitive
function, and leisure activities in middle- and old-age individuals with various CVDRFs, 2)
to examine whether inflammatory markers would mediate the association between CVDRFs
and cognitive function, and 3) to examine whether leisure activities would moderate the
effect of number of CVDRFs on inflammatory markers and cognitive function.

Methods
Participants

The dataset used in this secondary-data analysis study was from the Survey of Midlife
Development in the United States (MIDUS), an on-going nationally representative
longitudinal survey of 7,108 non-institutionalized respondents, including twins (Brim et al.,
2004). The baseline data (MIDUS I) collected between 1995 and 1996 focused on socio-
demographic and psychosocial assessments. These assessments were repeated between 2004
and 2006 as MIDUS II projects 1 and 2 from 4963 participants (adjusted retention rate for
mortality was 75% from MIDUS I to MIDUS II, more details can be found in Radler and
Ryff’s study, 2010). Three new projects were added in MIDUS II, they were: assessments of
cognitive function (MIDUS II project 3), biomarkers (project 4), and neuroscience (project
5). Data from MIDUS II projects 1, 3, and 4 was used for this analysis.

Project 3 was conducted using a series of cognitive tests administered over telephone.
Project 4 included three General Clinical Research Centers (GCRCs) from the West Coast,
Midwest, and East Coast. It involved a two-day clinic visit. Upon arrival at the GCRC,
participants completed a detailed medical history interview with GCRC clinicians as well as
a set of self-administrated questionnaires. Participants were asked to bring all current
medications, which were recorded by project staff. Fasting blood samples were obtained the
next morning to determine levels of biomarker of interest including IL-6 and CRP. Serum
was isolated from all samples, aliquoted, frozen, shipped on dry ice to the appropriate
laboratory, and stored for assay. The temperature of the sample was maintained at −80°C
during the process. A previous study compared the sample characteristics between
participants in Project 4 and those not in Project 4 but in Project 1. The education level was
significantly higher in participants involved in Project 4, but other socio-demographic and
health characteristics were similar (Morozink et al., 2011).

We included participants from project 4 (n = 1255), but excluded participants without
completed biomarker data on CVDRFs (n = 11), without completed data on two domains of
cognitive function (n = 37), younger than 40 years of age at MIDUS II (n = 437), and CRP >
10 pg/mL that is often indicative of acute infection (n = 23). The final analysis included 405
middle-age participants (40 – 59 years of age) and 342 old-age participants (60 – 84 years of
age) (see Supplemental Figure Flow Chart). Among the final sample, there were 82 pairs of
twins. To clarify the potential genetic influence on the relationships examined in this study,
a supplemental analysis is reported at the end of the results.

Measures
CVDRFs—Six well-established indicators were considered as CVDRFs in this study
according to AHA Guidelines for Primary Prevention of Cardiovascular Disease and Stroke
(Pearson et al., 2002) and National Cholesterol Education Program Third Adult Treatment
Panel guidelines (Adult Treatment Panel III, 2001). They were abdominal obesity,
hypertension, hypercholesterolemia, hypertriglyceridemia, diabetes, and current smoker.
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The measurements and cutoff scores for each indicator are summarized in the Supplemental
Table. Participants’ laboratory-based biomarkers and self-reported medical history were
available from Projects 3 and 1, separately, at MIDUS II. A combination of both data was
used in this study to avoid any potential bias from only self-reported data and to detect a
subset of diagnosed cases that had been well-managed by medications.

Inflammatory Markers—Inflammatory factors were measured by assaying serum
samples for IL-6 and CRP levels at MIDUS II project 4. Quantikine® high-sensitivity
enzyme linked immunosorbent assay (ELISA) kits were used to measure the serum level of
IL-6 (R&D Systems, Minneapolis, MN). The laboratory intra-assay coefficient of variance
was 4.09% and the inter-assay coefficient of variance was 13% for IL-6. CRP was measured
using the BNII nephelometer from Dade Behring utilizing a particle enhanced
immunonepholometric assay (Dade Behring Inc., Deerfield, IL). The laboratory intra-assay
coefficient of variance was 2.3 – 4.4% and the inter-assay coefficient of variance was 2.1 –
5.7% for CRP.

Cognitive Function—Cognitive function was measured using the Brief Test of Adult
Cognition by Telephone (BTACT) (Tun and Lachman, 2006) at MIDUS II project 3, a
neuropsychological battery of six cognitive tests, including measures of episodic verbal
memory (Word List Immediate and Delayed), working memory span (Digits Backward),
verbal fluency (Category Fluency), inductive reasoning (Number Series), and processing
speed (Backward Counting). The telephone-version of BTACT test has been validated in the
healthy elderly population (Tun and Lachman, 2006). Participants also completed by phone
the Stop and Go Switch Task testing their attention switching and inhibitory control (Tun
and Lachman, 2008). Two factor scores, episodic memory and executive function, were
derived using exploratory and confirmatory factor analysis of the seven cognitive tests. In
the exploratory factor analysis, the two factors were correlated, r(3341) = 0.42, p < 0.001,
and accounted for 49% of the total variance in the original study; in the confirmatory factor
analysis, the two factor solution provided a good fit (Lachman et al., 2011). More details
regarding the factor analysis are provided elsewhere (Lachman et al., 2011). Participant’s
individual Z-scores for each factor were used in the data analysis.

Leisure Activities—Leisure activities were separated and measured by three distinct
checklists: mental, physical, and social. Participants were asked about frequency of
engagement of these activities as part of the MIDUS II project 1. Mental activities included
reading, doing word games, playing cards, attending lectures, writing, and using a computer.
Each participant indicated the frequency of engaging in these activities using a 6-point
ordinal scale ranging from 1 (daily) to 6 (never). Each response was reverse coded with
higher mean scores indicating more frequent cognitive activities. This scale was used in
previous study to examine the association with education and cognitive function (Lachman
et al., 2011).

The checklist of moderate physical activities asked about the frequency of engaging in
leisurely sports such as light tennis, slow or light swimming, low impact aerobics, golfing
without a power cart, brisk walking, and mowing the lawn with a walking lawnmower
during summer and winter time. Participants were asked to respond to each item on a 6-
point ordinal scale ranging from 1 (several times a week) to 6 (never), and each response
was reverse coded with higher mean scores indicating more frequent physical activities.
Internal consistency (Cronbach’s α) of the 6 items was 0.85 in this study.

Social activities were measured with three items inquired about the frequency of attending
meetings of union, sports, or other social groups outside the job in a typical month. The total
number of times involved in these social activities was calculated. Although the pattern of
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response for social activities questions was not the same as that for the cognitive or physical
activities, questions for the three types of activities were similar in terms of obtaining the
frequency of engagement. The level of social activities was significantly related to the level
of mental activities (r = 0.29, p < .001), but not physical activities (r = 0.03, p = .63) in this
study.

Demographic and Health Information—Demographic information included age, sex,
education (12 levels, from “no education” to “doctoral degree”), and race/ethnicity.
Depression was measured using the 20-item Center for Epidemiological Studies Depression
Inventory (CES-D) (Roberts and Vernon, 1983). Participants were asked whether they had
experienced each of the 20 symptoms during the past week using a scale ranging from 0
(rarely or none of the time) to 3 (most or all of the time). The sum scores were calculated
with higher scores indicating higher levels of depression. Reliability (internal consistency)
was 0.89 at MIDUS II. Histories of cancer and four heart conditions (stroke, heart failure,
angina, and heart attack) were collected.

Data Analysis
Analyses were conducted using IBM SPSS 19.0 (Wagner III, 2011). IL-6 and CRP data and
frequency of social activities were natural-log transformed before addressing specific aims
given their skewness. To examine whether demographic and health characteristics differed
by number of CVDRFs in middle- and old-age participants, one-way ANOVA was applied
for continuous variables and a Chi-square test was applied for categorical variables.
Levene’s test was used to test equality of variances across groups. Bonferroni’s post-hoc test
was used for comparisons with equal variances across CVDRFs groups and Games-Howell
post-hoc test was used for unequal variances.

To examine whether leisure activities, inflammatory markers, and cognitive function
differed by CVDRFs × age group, univariate general linear models were applied taking
CVDRFs and age groups as two fixed factors.

Mplus (Version 5) was used for structural equation modeling (SEM) (Muthén and Muthén,
2007), and the model goodness-of-fit was determined by several fit indices with a minimum
criteria for acceptability as CFI > 0.90, RMSEA < 0.08, and SRMR < 0.05 (Browne et al.,
1993). Maximum likelihood was used as the estimator. Our conceptual model is shown in
Figure 1a. A series of structural models were tested using variables from leisure activities,
inflammatory markers, and cognitive function as separate factors as well as grouped as
latent variables. Models with all participants, middle-age participants, and old-age
participants were tested separately.

Statistical significance on Bonferroni’s test was evaluated using alpha level of 0.018, and the
remaining tests were evaluated using an overall alpha level of 0.05.

Results
According to the cut-off scores of measurements for CVDRFs, in middle-age participants,
there were 20.5% with 1 CVDRF (n = 83), 29.9% with 2 CVDRFs (n = 121), 25.7% with 3
CVDRFs (n = 104), 17.5% with 4 CVDRFs (n = 71), 5.9% with 5 CVDRFs (n = 24), and
0.5% with 6 CVDRFs (n = 2). In old-age participants, there were 5.0% without any
CVDRFs (n = 17), 27.2% with 1 CVDRF (n = 93), 32.7% with 2 CVDRFs (n = 112), 19.9%
with 3 CVDRFs (n = 68), 10.5% with 4 CVDRFs (n = 36), and 4.7% with 5 CVDRFs (n =
16). Given the small number of participants without any CVDRFs, participants with 0 or 1
CVDRF were combined into a group, while those with 3 to 6 CVDRFs were combined into
a group in the following analysis. Descriptive data for laboratory biomarkers and self-report
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medical history of CVDRFs, cut-off scores for each measurement, and number of
participants with each CVDRF are in the Supplemental Table.

Table 1 displays the demographic and health characteristics of middle- and old-age
participants by CVDRFs group.

Inflammatory Markers, Cognitive Function, and Leisure Activities by CVDRFs Group in
Middle- and Old-Age Participants

Table 2 displays the inflammatory markers, cognitive function, and leisure activities by
CVDRFs × age group. Compared to the old-age group, the middle-age group engaged in
significantly higher levels of physical activities (t = 3.07, p = .002), had significantly lower
levels of IL-6 (t = −3.28, p = .001) and higher levels of episodic memory (t = 7.08, p < .001)
and executive function (t = 9.75, p < .001). The two age groups did not differ in the levels of
mental or social activities or levels of CRP. Within middle-age participants, the CVDRFs
groups significantly differed in inflammatory markers. The groups with ≤ 1 CVDRFs had
significantly lower levels of IL-6 and CRP than the other two groups. Within old-age
participants, the CVDRFs groups significantly differed in inflammatory markers and
cognitive function. The groups with ≤ 1 or 2 CVDRFs had significantly lower levels of IL-6
and CRP and better episodic memory and executive function than the group with ≥ 3
CVDRFs. No difference was found in the engagement in any types of leisure activities by
CVDRFs group in either age group.

Associations of the Number of CVDRFs, Leisure Activities, Inflammatory Markers, and
Cognitive Function

After testing a series of models using observational variables separately or grouped as latent
variables, the best model generated was using all observational variables separately. Thus,
path analysis was used in the following steps. The overall models were first developed
including paths between each two variables using the whole sample and two age groups
separately (Figure 1b and Supplemental Table 2). We failed to identify any significant
mediating effect of inflammatory markers on the association between CVDRFs and
cognitive function (the “Indirect effect” in Supplemental Table 2).

Next, the trimmed models (Figure 1c) were developed excluding some paths that were not
statistically significant in any overall models. Model fit was acceptable (see Table 3). There
was no significant change of X2 between the overall and trimmed models (ΔX2 : 9.14 –
11.31, Δdf = 10, p > 0.05), but the discrepancy values of RMSEA and SRMR were smaller
in the trimmed models than those in the overall models. All covariates (i.e., age, sex,
education, and depression) were significantly related to one or more main variables in the
trimmed models.

After controlling for age, sex, education, and depression, more CVDRFs were significantly
related to higher levels of inflammatory markers. Engaging in higher levels of mental
activities were significantly related to higher levels of episodic memory and executive
function. Engaging in higher levels of physical activities was significantly related to lower
levels of inflammatory markers. Results were similar when separating participants into
middle- and old-age groups. But in the old-age group, more CVDRFs were significantly
related to lower levels of executive function; while in the middle-age group, higher levels of
mental activities were significantly related to higher levels of CRP (the “Direct effect” in
Table 3). In the old-age group, physical activities significantly moderated the effect of
CVDRFs on episodic memory, and mental activities significantly moderated the effect of
CVDRFs on IL-6 (the “Interaction with CVDRFs” in Table 3).
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Supplemental Analysis: Influence of Twin Status on Cognitive Function and Inflammation
Factors

An additional analysis was done to assess whether twin status affected the findings from the
regression models reported above. Four regression models were recomputed with the
subsample randomly excluding one member from each twin pair (n = 307). Changes in the
size of standardized coefficients did not influence the statistical significance of any results
from previous tests.

Discussion
Our cross-sectional study included 747 middle-age and older adults participating in a
national longitudinal community study, 97.8% of whom had at least one CVDRF based on a
combination of laboratory biomarkers and self-reported medical history. Older but not
middle-age participants with various CVDRFs significantly differed in levels of executive
function. Both age groups with various CVDRFs significantly differed in levels of
inflammatory markers, but they were similar in their engagement in three types of leisure
activities (mental, physical, and social). We failed to identify the mediating role of
inflammatory markers between CVDRFs and cognitive function. However, across middle
and late adulthood, engaging in more mental activities were significantly associated with
better cognitive function, while engaging in more physical activities were significantly
associated with lower levels of inflammation, considering the influence of demographic and
health characteristics and number of CVDRFs. Furthermore, in the old age group, physical
activities moderated the effect of CVDRFs on episodic memory, and cognitive activities
moderated the effects of CVDRFs on IL-6.

Expanding from the findings of previous studies that the presence of individual CVDRFs
influences cognitive function and inflammatory markers (Peters et al., 2008; Raffaitin et al.,
2011; Wang et al., 2011), our study found that the levels of inflammatory markers differed
by the number of CVDRFs in both middle and old age, but the negative association between
cognitive function and number of CVDRFs was only found in old age. The major difference
occurred between groups with ≥2 CVDRFs and with single CVDRFs in both age groups.
The finding is consistent with several studies that co-existing diabetes and hypertension
increase the risk of developing dementia by six-fold (Posner et al., 2002), while co-existing
diabetes, hypertension, obesity, hypercholesterolemia, and smoking increase the risk of
developing AD by 20-fold (Reitz et al., 2011). The underlying mechanism is unclear, but it
is likely that these CVDRFs share similar endothelial dysfunction and atherosclerosis, and
co-existence CVDRFs may independently and/or interactively enhance inflammatory
process, cerebral glucose and energy metabolism and cerebrovascular pathological changes
that are related to cognitive decline (Kuczynski et al., 2009; Panza et al., 2011). However,
such accumulated effect of CVDRFs on cognitive function would not start manifesting until
old age.

Our findings extend our understanding of the relationship between CVDRFs and cognitive
function in several ways. First, regardless of the number of CVDRFs, we found no
difference in the frequency of engagement in leisure activities in neither middle- nor old-age
group. This is surprising as it suggests that middle-age and older adults with CVDRFs may
not be fully aware of the benefits of leisure activities on inflammation or cognitive function.
Second, when considering the influence of demographic and health characteristics, number
of CVDRFs, and other leisure activities, engaging in a higher frequency of mental activities
was significantly associated with higher cognitive function, and higher frequency of
physical activities was associated with lower levels of inflammatory markers. Further, in the
old age group, mental activities moderated the effect of number of CVDRFs on levels of
IL-6, and physical activities moderated the effect of CVDRFs on episodic memory.
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Evidence from meta-analysis of longitudinal cohort studies and randomized controlled trials
support that there is a significant protective effect of mental activities on cognition in
healthy older adults without cognitive impairment and those with mild cognitive impairment
(Martin et al., 2011; Valenzuela and Sachdev, 2009; Valenzuela and Sachdev, 2006). Our
findings suggest that mental activities, along with physical exercise, may independently
protect cognition or the inflammatory process, in middle- and old-age adults with various
CVDRFs. The mechanisms that might link mental and physical activities to inflammatory
markers and cognitive function are likely multifactorial. The first hypothesis may be applied
in any aging group in addition to those with neurodegenerative or metabolic disorders.
Engaging in mental and physical activities provides an enriched environment that enhances
neural plasticity in terms of stimulating brain-derived neurotrophic factor (BDNF) and
neuronal growth, and results in reserve against cognitive decline (Kramer et al., 2004), while
low levels of BDNF were found in patients with diabetes and obesity (Pedersen et al., 2009).
The second hypothesis may be specific to people with vascular risk. That is, stimulating
activities may also enhance brain vascular health by enhancing endothelial function, while
inflammatory markers are an important marker of endothelial function (Fratiglioni et al.,
2004). The third hypothesis is based on the stress theory. Leisure activities may help with
relaxation, which reduces the secretion of corticosterone as well as alleviate inflammatory
process. Chronic hypersecretion of corticosterone and inflammatory processes can cause
permanent damage of neurons that lead to cognitive deficits and dementia. Moreover, a
previous longitudinal study identified the protective effect of physical exercise (regular
walking) on cognitive change over time in older women with at least 3 coronary risk factors
(Vercambre et al., 2011). Our data are in line with this observation with respect to the
protective effect of exercise against high CVDRFs load.

What should be noticed is that physical exercise can influence various health conditions;
thus, individuals with CVDRFs may recognize its importance even though they may not be
aware of the possible relationship between physical exercise and cognitive decline. In
contrast, mental activities have been theorized to have relatively specific protective effects
on cognitive functioning (Stern, 2009). Older adults with a large number of CVDRFs may
not recognize the risk of developing cognitive deficits nor the relationship between mental
activities and cognitive functioning; thus, they may not engage in mental behaviors. It may
be equally important to develop strategies to facilitate their engagement in cognitive
activities as well as to deliver cognitive training programs for older adults with CVDRFs.

As one of the strengths of this study, we defined CVDRFs using a combination of
laboratory-based biomarkers and self-reported medical history to obtain an accurate profile
of CVDRFs. Second, we included measures of peripheral concentrations of inflammatory
factors (IL-6 and CRP). Our results showing an interaction between cognitively stimulating
activities and CVDRFs in predicting IL-6 adds new evidence of a potential protective effect
of cognitively stimulating activities on cognitive function, while previous studies focused on
examining mental activities and cognitive tests results (Akbaraly et al., 2009). Third, we
comprehensively measured stimulating leisure activities covering physical, social, and
cognitive types. Finally, we involved a sample across middle- and late-adulthood. It is
interesting that the middle- and old-age groups did not differ in their engagement in mental
activities. Although there was no significant association between number of CVDRFs and
cognitive function in the middle-age group, using preventative strategies such as mental
activities to slow cognitive decline in late life should be initiated as early as midlife.

A major limitation of this study relates to the cross-sectional nature of the design. Although
mental and physical activities were found to be associated with inflammatory markers and
cognitive function, we were not able to determine their causal relationships. Empirical
literature on these relationships has been mixed. For example, one study found childhood
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cognitive abilities predicted late-life inflammation (Luciano et al., 2009), and another study
found participation of leisure activities was related to the level but not the change of
cognitive function over time (Bielak et al., 2011). A future prospective design should be able
to address the causal relationships between cognitive or physical activities on cognitive
function as mediated by underlying inflammatory process in older adults with high CVDRFs
load. Second, given the relatively small sample, the associations of individual CVDRFs and
self-reported cognitive factors with objective cognitive factors were not explored further.
The common co-existence of CVDRFs in old age, however, reduces the likelihood of the
influence of individual CVDRFs on cognitive deficits. Third, this study included a relatively
young old age group, while the risks of both CVDRFs and cognitive decline substantially
increased in the old-old age group. However, because we included a relatively young age
group, we were able to study a group that might be considered relatively free of overt
dementia.

Middle-age and older adults with multiple CVDRFs may be at risk of impaired
inflammatory circulation; further, older adults with multiple CVDRFs may also be at risk of
cognitive decline. However, they may not engage in frequent physical and cognitive
activities that may be protective against the effect of CVDRFs on cognitive function and
inflammatory process. Given the high prevalence of CVDRFs in middle-age and older adults
and the high likelihood of cognitive decline in older adults with CVDRFs, our findings help
define areas for intervention in these individuals from midlife and lay the groundwork for
future prospective studies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Conceptual and structural models of the relationships between CVDRFs, leisure activities,
inflammatory markers, and cognitive function.
a. Conceptual model
b. Overall structural model. Note. Age and sex were covariates of inflammatory markers and
cognitive function; education and depression were covariates of cognitive function. * Paths
between the interactions of each leisure activities with CVDRFs and each inflammatory
factors and cognitive function factors were also included in the model.
c. Final trimmed structural model with best model fit. Note. Age and sex were covariates of
inflammatory markers and cognitive function; education and depression were covariates of
cognitive function.
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