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Abstract

Benefits of physical activity for older adults” mood and cognitive functioning have been widely
supported; however, it is not clear whether risk factors for cardiovascular disease (CVD) affects
the relationships of physical activity with these health outcomes among diverse older adults. This
study investigated the impact of CVD risk factors on the relationships among physical activity,
mood, and cognitive functioning in a diverse sample of 62 adults age 45 and older who completed
self-report physical activity and mood questionnaires, and measures of verbal and visual working
memory. Results suggest middle-aged to older adults with low CVD risk are more likely to
benefit from physical activity. Specifically, we found that higher physical activity was associated
with better attention and verbal working memory at lower CVD risk, but with worse attention
and verbal working memory at higher CVD risk levels. Thus, higher CVD risk might limit

the effectiveness of exercise interventions for mood and cognitive functioning. Future studies

are needed to further clarify individual differences that impact the relationships among physical
activity, CVD risk, and cognitive outcomes.
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Physical activity (i.e., intentional movement that expends energy) and exercise (i.e.,
structured physical activity intended to improve or maintain physical fitness) have a variety
of health benefits, including improved mood and cognitive functioning (Kvam et al., 2016;
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Mammen & Faulkner, 2013; Singh-Manoux et al., 2005). Meta-analyses have demonstrated
physical activity effectively reduces depressive symptoms, even for symptoms in the non-
clinical range (Rebar et al., 2015). Observational and intervention studies have linked
physical fitness, higher levels of physical activity, and participation in structured exercise
regimens with improved cognitive performance, especially executive functions, in sedentary
older adults (Colcombe & Kramer, 2003; Sofi et al., 2011). Although the benefits of physical
activity occur regardless of age, they are particularly relevant for older adults, who are
vulnerable to clinically significant subthreshold depressive symptoms (Alexopoulos, 2005)
and to age-related decline in executive functions and other cognitive abilities (MacPherson
et al., 2002; Wilson et al., 2010), particularly cognitive functions that rely heavily on the
frontal lobes in the brain (Greenwood, 2000; West, 1996).

Previous studies have shown the benefits of physical activity for adults with vascular

risk factors or cardiovascular disease (CVD) (Aizenstein et al., 2016; Jefferson et al.,
2015). In patients with mild-to-moderate chronic heart failure, cardiac rehabilitation,
which traditionally includes an exercise component, increases exercise capacity and
reduces subsequent hospital admissions because of chronic heart failure (Davies et al.,
2010). Several other studies showed exercise benefits mood and cognitive functioning in
populations with CVD (Brunt et al., 2019; Frith & Loprinzi, 2017; Kruk & Nowicki, 2016;
Smith et al., 2007; Vercambre et al., 2011; Yohannes et al., 2010) and improves vascular
health in people with risk factors for CVD such as hypertension, hyperlipidemia, obesity,
and metabolic syndrome (Church, 2011; Dimeo et al., 2012; Kelly, 2010). For instance,
one study investigated the relationship between physical activity and cognitive decline in
middle-aged to older women who had at least three vascular risk factors and found that
regular physical activity was associated with better cognitive function (Vercambre et al.,
2011). Mood disorders and cognitive impairment have been linked to vascular disease;
thus, the mood and cognitive benefits of physical activity may be directly tied to changes
in vascular function (Gujral et al., 2017; Maass et al., 2015). This suggests that physical
activity is a potential alternative intervention or adjunctive intervention for various vascular
conditions that not only benefits vascular health but may also improve mood and cognitive
functioning in turn. If vascular changes indeed contribute to depressed mood and cognitive
decline, then it follows that people with higher CVVD burden might benefit more from
physical activity than people with low CVD burden.

Given racial disparities in CVD (Graham, 2015) and CVD risk factors (Howard et al., 2017),
Black adults might represent one group that particularly benefits from physical activity
interventions. Consistent with that possibility, depressive symptoms are more strongly
associated with CVD risk factors in Black compared to White adults (Boyle et al., 2007;
Lewis et al., 2009), and a longitudinal study found elevated depressive symptoms increased
the risk of mortality from CVD in Black, but not White, participants (Lewis et al., 2011).
There is also some evidence that CVD risk factors are more strongly associated with
dysregulated mood for Black older adults relative to White older adults, although this has
not always been observed (see Bogoian & Dotson(Bogoian & Dotson, 2021) for a review).
Similarly, there is evidence that CVD risk factors are more strongly linked to cognitive
impairment in Black compared to White older adults (Rotblatt et al., 2021; Zahodne et al.,
2015).
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Despite the clear need, there is a dearth of literature investigating the relationship between
physical activity, mood, and cognitive function in diverse samples, similar to what we see
across aging, neuroscience, and other fields of science (Brewster et al., 2019; Dotson &
Duarte, 2020). To address these gaps in the literature, the current study investigated the
hypothesized impact of CVD risk on the relationships of physical activity with cognitive
functioning and mood in a predominately Black sample. We predicted higher amounts of
self-reported physical activity would be associated with better mood and higher scores on
measures of attention and working memory. Given previous research showing that people
with CVVD experienced more benefits from exercise than people without CVD (Bakker et al.,
2021; Jeong et al., 2019), we hypothesized the benefits of physical activity for mood and
cognitive function would be stronger in participants with higher CVD risk burden than in
those with lower CVD risk burden.

Materials and Methods

Participants

Measures

Secondary data analyses were performed on baseline data from a multidisciplinary
intervention study that sought to promote healthy aging among diverse middle-aged to

older adults (Ellis Gardner et al., 2006; Moore et al., 2008). Participants were aged 45

and older and were recruited from either a local community center or a Louisiana housing
facility for seniors with low or fixed incomes. Participants were eligible for the parent study
if they consented to participate in a 16-week physical activity and nutrition intervention,

and if they were free of neurological impairment and contraindications for exercise

(e.g., recent myocardial infarction, unstable angina, or acute systemic infection). The
intervention data were not included in the current analyses. All participants provided written
informed consent to participate in the study, consistent with the guidelines of the local
Institutional Review Board. Data from 94 participants were collected. Sixty-two participants
had complete demographic, medical, cognitive, and questionnaire data necessary for our
analyses. Participant characteristics are summarized in Table 1. The average age of the
included participants is 65.9 (SD = 10.0) years. The sample is 78.1% female and 68.8%
Black. Nearly three-quarts of the participants had completed the equivalent of high school or
greater, and 79% of participants reported an income below $40,000 per year.

Physical activity—In the parent study, physical activity was assessed at baseline using
the CHAMPS Physical activity Questionnaire for Older Adults(Stewart et al., 2001).
The CHAMPS is a self-report measure that assesses the weekly frequency and duration
of lifestyle physical activities (e.g., gardening, housework) and structured exercise (e.qg.,
walking, running, swimming, yoga) over the past four weeks, with a reported intraclass
correlation coefficient of .66 for all activities and .67 for moderate activities and greater
(Stewart et al., 2001). The CHAMPS has been validated in a variety of groups, including
older adults, Black adults, and people with low income (Glynn et al., 2020; Hekler et

al., 2012; Resnicow et al., 2003). Internal consistency reliability was acceptable for the
current sample (Cronbach’s a = 0.76). Analyses for the current study used the CHAMPS
total caloric expenditure per week score as a continuous variable. This score represents
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each participant’s average weekly expenditure over the four weeks preceding their testing
session. The CHAMPS developers assigned a metabolic weight based to each activity in
the questionnaire based on its intensity. Caloric expenditure for each person is calculated
based on the metabolic weights and the individual’s body weight based on the formula:
(kcal/minute = METs * 3.5 * [body weight in kg/200]).

Mood—Mood was assessed using the Mental Component Summary score from the 36-item
Short Form Health Survey (SF-36) (Ware Jr, 2000). Although the SF-36 was not specifically
developed to assess depression, it is often used as a screening measure for depression and
anxiety (Matcham et al., 2016; Pfoh et al., 2016). In support of its use as a depression
screener, Walsh and colleagues suggested measures from general health surveys may be
vital screening tools for depressive symptoms, especially when the study involves multiple
health-related measures (Walsh et al., 2006). The Mental Component Summary score is a
composite score based on the items in the Vitality, Social Functioning, Role-Emotional, and
Mental Health scales of the SF-36. Scores range from 0 to 100, with higher scores indicating
better mood. A score of 42 or lower on the Mental Component Summary has a specificity of
80.6% and sensitivity of 73.7% for diagnosis of depression (Ware et al., 1993). The internal
consistency reliability coefficient of the Mental Component Summary is 0.88 (Ferguson et
al., 2002).

Cognition—Assessment of cognitive functioning focused on the Digit Span Forward
(attention) and Digit Span Backward (verbal working memory) subtests from the Wechsler
Adult Intelligence Scale (Wechsler, 1955) and the Size Judgment Span (visuospatial working
memory) (Cherry et al., 2007) test because of the negative effects of mood disturbance and
positive effects of physical activity on cognitive domains such as attention and working
memory (Bherer et al., 2013; Morimoto et al., 2015). The maximum span for each test

(raw score) was used in statistical analyses. Separate analyses were conducted for each of
these measures rather than calculating a composite score to better capture the differential
relationships that physical activity and cardiovascular risk burden may have on different
cognitive domains.

Cardiovascular Risk Factors—Cardiovascular risk burden was calculated by summing
self-reported diagnoses of the following seven conditions: any history of diabetes, heart
problems, high blood pressure, hyperlipidemia, obesity, or stroke, or smoking history in
the past six months. Cardiovascular risk was entered as a continuous measure, which could
range from 0 to 7, in statistical analyses.

Data Analysis

Statistical analyses were conducted using R Version 3.6.3 (R Core Team, 2020). Multiple
regression analyses were performed with CHAMPS total physical activity, the CVD risk
variable, and their interaction as the independent variables and with cognitive (Digit Span
Forward, Digit Span Backward and Size Judgment Span) and mood (Mental Component
Summary) measures as the outcome variables in separate models. Based on their known
association with cognitive functioning, mood, or both, initial covariates included race, age,
education level, income, and sex. Education level, income, and sex were not significant in
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any of the models and were therefore removed to achieve the most parsimonious models (see
Supplementary Table 1 for results of the fully adjusted models). For each model, data points
with high leverage, distance, and influence were assessed to determine whether they should
be removed. Two points that had absolute values for leverage and distance greater than .5 or
2.5, respectively, were removed. An alpha < 0.05 was considered significant.

Two sets of planned follow-up analyses were conducted. First, the primary analyses were
repeated using only the subset of Black participants, who comprised nearly three-fourths
of the sample, to examine the relationships specific to this population given the dearth

of physical activity literature focused on Black individuals. The second set of analyses
stratified the data by recruitment location (community center and a low-income housing
facility) to address the possibility of confounding factors, such as disability, that might
systematically differ between settings. The stratified analysis allows to us to estimate the
potential impact of setting on the results without adding an additional variable to our
primary analyses, which is important given our fairly small sample size.

Primary Analyses

Results for the primary analyses are summarized in Figure 1. There were no significant
main effects of physical activity or CVD risk on mood symptoms, attention, or working
memory in the total sample, but analyses revealed significant CVD risk by physical activity
interactions for attention (B = —0.36731, p = 0.005) and verbal working memory (p =
-0.35265, p=0.005). Higher physical activity was associated with better attention and
verbal working memory at lower levels of CVD, but with worse attention and verbal
working memory at higher CVD risk levels. This is contrary to our hypothesis that

the benefits of physical activity would be greater for individuals with higher CVD risk
levels. There were no significant interaction effects of physical activity and CVD risk on
mood symptoms or visual working memory, although the interaction approached statistical
significance for visual working memory (p = 0.061).

Planned Follow-up Analyses

When the primary analyses were repeated with only Black participants, higher self-reported
physical activity was associated with worse attention (f = -0.41139, p=0.029). There was
also a significant CVD risk by physical activity interaction for visual working memory (p
=-0.46728, p = 0.015). The direction of this relationship was similar to that observed for
attention and verbal working memory in the total sample, such that, for Black participants,
higher physical activity was associated with better visual working memory at low, but

not high, CVD risk levels. There was no main effect of CVD risk and there were no

other significant interaction effects of physical activity and CVD risk on mood symptoms,
attention, or verbal working memory.

In the analyses stratified by recruitment setting, the results for participants living in the
low-income housing facility mirrored the results in the total sample: There was a CVD risk
by physical activity interaction for attention, p = —0.66490, p < .001, and an interaction,
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reflecting the same pattern, approached significance for verbal working memory, g =
-0.36200, p=.05. In community center participants, higher physical activity was associated
with worse attention (B = —0.56084, p = 0.017) but better mood (p = 0.47810, p = 0.050).
Discussion

The present study investigated whether physical activity was related to mood and cognitive
functioning, and whether risk for CVD impacted these relationships in a predominantly
Black sample of middle-aged and older adults. Contrary to our hypotheses, our primary
analyses did not replicate previous findings showing associations of higher physical activity
level with better mood and cognitive functioning (Colcombe & Kramer, 2003; Kvam et

al., 2016; Mammen & Faulkner, 2013; Rebar et al., 2015; Singh-Manoux et al., 2005; Sofi
etal., 2011). In partial support of our hypotheses, cardiovascular risk burden significantly
impacted the relationship between physical activity and cognitive function in the domains
of attention and verbal working memory in our primary analyses. Yet, contrary to our
hypothesis, the benefits of physical activity were only apparent at lower risk for CVD, while
higher CVD risk was associated with no benefit or even a negative relationship.

The lack of main effects of physical activity on mood or cognitive functioning in the

total sample is not consistent with most of the previous literature indicating that physical
activity is associated with better mood and cognitive functioning (Barnes et al., 2003;
Mammen & Faulkner, 2013). However, findings in the literature are mixed, and there

are other studies that have not found such a relationship in middle-aged to older adult
populations (Fukukawa et al., 2004; Wassink-Vossen et al., 2014). For example, a large
study of 1,151 community-dwelling adults (2004) found that physical activity, as measured
by pedometer, was associated with decreased depressive symptoms at two-year follow-up in
older (age 65 to 79) but not middle-aged (age 40-64) adults. In the Lifestyle Interventions
and Independence for Elders Pilot study (Matthews et al., 2011), a 12-month physical
activity intervention did not reduce depressive symptoms in adults aged 70 to 89. However,
a follow-up study in the same sample showed benefits for men, but not for women (Dotson
et al., 2016). In particular, men, but not women, showed decreases in somatic symptoms of
depression, but not total depressive symptoms, after the intervention. These previous also
suggest the possibility that the present results might have differed by age, sex, or type of
depressive symptoms; however, the sample size and mood measure limited our ability to
examine this possibility.

These previous studies with null results all focused on walking as a measure of physical
activity, and their respective authors suggested that more intense physical activity may
have been required to impact depressive symptoms. Similarly, other studies have suggested
that the benefits of physical activity on mood and cognitive functioning may be “dose-
dependent,” indicating that significant or stronger relationships may only be observed at
more intense levels of physical activity (Hu et al., 2019; Kirk-Sanchez & McGough, 2014;
Vidoni et al., 2015). However, it should be noted that in the current study, higher total
physical activity regardless of intensity was associated with better mood in the follow-up
analysis limited to the community center sample. As shown in Table 1, this subsample had
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a higher level of physical activity than the total sample or the other subgroups, suggesting
perhaps that a threshold level of physical activity might be required for a mood benefit.

In partial support of our second hypothesis, cardiovascular risk burden significantly
impacted the relationship between physical activity and cognitive function in the domains of
attention and verbal working memory. Yet, contrary our hypothesis, the benefits of physical
activity were only apparent in people at lower risk for CVD, while higher CVD risk was
associated with no benefit or even a negative relationship. Similar patterns were observed
for attention in the low-income housing facility subsample and for visual working memory
when analyses were limited to Black participants.

There is little research examining the effects of cumulative vascular risk burden on the
relationship between physical activity and health outcomes. However, a number of studies,
including a recent meta-analysis (Brunt et al., 2019), suggest physical activity is associated
with preservation of cognitive functioning in individuals with or at risk for CVD. Because
some studies suggest that people with vascular burden benefit from physical activity (Alosco
etal., 2014), it is unclear why this was not the case in the current study. There is

evidence that strenuous physical activity can actually exacerbate CVD (Armstrong et al.,
2015; Williams & Thompson, 2014). However, the level of physical activity in the current
sample was not particularly high, so this would not fully explain our results. Furthermore,
co-morbid conditions in individuals at higher health risk may limit their ability to obtain
the benefits from physical activity compared to those at lower health risk (Zakari et al.,
2018). Treatments that involve physical activity interventions to improve mood or cognitive
functioning may need to involve approaches that aim to reduce functional and medical
barriers that may prevent individuals from benefiting from exercise. Additional research
investigating the optimal amount and intensity of physical activity in populations at risk for
CVD with depression and cognitive concerns is also necessary to avoid potential iatrogenic
effects of exercise.

Overall, results did not confirm our hypothesis that within a predominately Black sample,
the individuals who are most at risk for CVD would benefit more from physical activity due
to their vulnerability to vascular-related mood and cognitive disruption. Rather, our results
are consistent with an alternative hypothesis, that the protective effects of vascular health
allow middle aged to older adults to benefit from physical activity, while CVD risk factors
limit potential benefits. In line with this hypothesis, an investigation of factors related to
cognitive improvement following antidepressant treatment in depression Barch et al. (2012)
found that higher vascular risk significantly predicted less improvement in working memory
and executive function. More work is needed to determine the neurobiological, lifestyle, and
other factors that impact the interrelationships among physical activity, CVD risk, cognitive
functioning, and mood.

The literature on physical activity and exercise, like many areas of science, is limited

by a lack of diversity in most study samples. This study is based on a primarily Black
sample, and it focuses on CVD risk, which is salient in the Black community given

racial disparities in vascular disease. Moreover, the focus on the impact of CVD risk on
the antidepressant and physical activity-related cognitive enhancement is unique. However,
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there are limitations to this study, including the cross-sectional design, the relatively small
sample size, and the relatively restricted range in mood and cognitive scores in this
sample. Additionally, physical activity and risk factors for CVD were obtained through
self-report, which is less reliable and less accurate compared to objective data (Bassett Jr,
2000; Loprinzi, 2013). We also do not have information about whether or not CVD risk
factors were well controlled by medication or other interventions. These limitations of our
information about CVD risk factors for the current sample could explain why we did not
observe a main effect of CVD risk on cognitive functioning or mood. Future longitudinal
research with larger sample sizes that includes a range of mood and cognitive scores and
objective physical activity measures may give more insight on the impact of CVD risk on the
mood and cognitive effects of physical activity in diverse adults.

Finally, it should be noted that this study included a high number of participants considered
to be of lower socioeconomic status. These individuals may have had limited means to
access resources for engaging in physical activity. Murray and colleagues (2012) found

that individuals with higher socioeconomic status reported more exercise and stronger
intentions to exercise, which may be explained by reduced barriers to exercise. Factors such
as socioeconomic status and potential disability in older adults, and especially in Black older
adults, likely play a role in physical activity levels. This important consideration should be
addressed in future studies to increase the real-world impact of this line of research.
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Figure 1.

CHAMPS Total Score (centered)

Total physical activity on the CHAMPS by mood (Mental Component Summary) and
cognitive functioning (Digit Span Forward, Digit span Backward, and Size Judgment Span).
CVD groups are for graphing purposes only and are based on a mean for each subgroup.

Values for physical activity and CVD risk were mean centered.
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Table 1
Sample characteristics
Total Sample Low-Income Housing Community Center  Black Sample
(N =62) (N=28) N = 34) (N'=44)
Age (years) 65.9 + 10.0 65.9+9.5 65.9+105 65.8+10.3
Sex (% female) 50 (80.6%) 20 (71.4%) 30 (88.2%) 36 (81.8%)
Race (% Black) 44 (71.0%) 12 (42.9%) 32 (94.1%) -
CVD risk 49+13 46+15 51+11 52+1.0
Education
7th _ 9th grade 8 (12.9%) 7 (25.0%) 1 (2.9%) 5 (11.4%)
10 — 111 grade 8 (12.9%) 3(10.7%) 5 (14.7%) 6 (13.6%)
High school diploma/GED 16 (25.8%) 8 (28.6%) 8 (23.5%) 11 (25.0%)
Post high school, business, or trade school 3 (4.8%) 1(3.6%) 2 (5.9%) 2 (4.5%)
Some college 13 (21.0%) 6 (21.4%) 7 (20.6%) 9 (20.5%)
4-year degree 5 (8.1%) 1(3.6%) 4 (11.8%) 4 (9.1%)
Some graduate 2 (3.2%) - 2 (5.9%) 2 (4.5%)
Graduate degree 7 (11.3%) 2 (7.1%) 5 (14.7%) 5 (11.4%)
Income (per year)
< $5,000 3 (4.8%) 3 (10.7%) - -
$5,001-$10,000 25 (40.3%) 19 (67.9%) 6 (17.6%) 17 (38.6%)
$10,001-$20,000 10 (16.1%) 5 (17.9%) 5 (14.7%) 5 (11.4%)
$20,001-$30,000 5 (8.1%) - 5 (14.7%) 4(9.1%)
$30,001-$40,000 6 (9.7%) - 6 (17.6%) 6 (13.6%)
$40,001-$50,000 2 (3.2%) - 2 (5.9%) 2 (4.5%)
$70,001-$80,000 1 (1.6%) - 1 (2.9%) 1(2.3%)
$90,001-$100,000 1 (1.6%) - 1(2.9%) 1(2.3%)
Chose not to answer 5 (8.1%) - 5 (14.7%) 5 (11.4%)
Did not know 4 (6.5%) 1 (3.6%) 3 (8.8%) 3 (6.8%)
Mental Component Summary 53.8+11.1 52.1+12.8 55.1+9.6 55.1+9.5
Longest Digit Span Forward 55+1.2 53+1.1 56+1.2 56+1.2
Longest Digit Span Backward 34+10 35+12 34+08 32+10
Longest Size Judgment Span 3.8+09 35+0.8 41+09 4009

CHAMPS Total Activity (caloric expenditure per
week)

CHAMPS Moderate-to-Vigorous Activity (caloric
expenditure per week)

4843.0 +£2811.3

2242.4 +2032.0

4057.5 +2936.5

1439.4 + 1661.5

5489.9 + 2568.9

2903.7 £ 2092.0

4897.3 +2737.4

2410.3 +£2075.1

Note. CVD = cardiovascular disease. GED = Test of General Educational Development. CHAMPS = Community Healthy Activities Model
Program for Seniors. The low-income housing sample, community center sample, and Black sample are all subsets of the total sample.
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