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Abstract

Objective—Physical and cognitive activities are associated with slower cognitive decline.
However, few studies have examined racial differences in these associations.

Methods—Data came from a longitudinal study of 7742 (63% black and 61% female)
participants assessed 3 times over an average of 9.5 years. At baseline, each participant reported
number of hours of leisure time physical activity (categorized using quartiles) and rated frequency
of participation in cognitively stimulating activities (range: 0 — 4). A standardized measure of
cognition was derived from tests of memory, perceptual speed, and orientation.

Results—Of the 7742 participants, 2322 (30%) reported no physical activity. Cognitive decline
was slower by about 20% (95% confidence interval: 13 — 27%) among whites with physical
activity above 1.25 hours compared to those with no physical activity, but showed no significant
decrease in cognitive decline relative to those with no physical activity among blacks. Further
post-hoc analysis revealed cognitive decline to be slower by about 29% (95% CI: 20 — 38%)
among blacks and whites with higher education and above average baseline cognition. A 1-point
increase in cognitive activity frequency decreased cognitive decline by 8% (95% CI: 3 — 14%)
among blacks and by 14% (95% ClI: 7 — 20%) among whites.

Conclusions—The benefits of higher physical activity on cognitive decline was observed
among whites, and among blacks with higher education and above average baseline cognitive
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function. However, the protective effect of cognitive activity seems to be independent of education
and baseline cognitive function among both blacks and whites.
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Physical activity; cognitive activity; cognitive decline; minority health

INTRODUCTION

Late-life cognitive decline is a serious public health problem given the aging of the US
population.Severe cognitive decline can lead to mild-cognitive impairment (MCI) and
eventually to Alzheimer’s disease (AD) dementia in old age.! 2 2 Non-Hispanic blacks
(blacks hereafter) are more likely to have a positive AD diagnosis and tend to perform more
poorly on cognitive function tests compared to non-Hispanic whites (whites hereafter).3and 4
Although reasons for these disparities are poorly understood, several explanations have been
provided in the literature, including: racial differences in years or quality of education® or
reading level 8 lack of social resources for blacks,” higher cognitive reserve among whites,?
and better cognition-preserving activities among whites over their lifespan.?

Despite substantial racial disparities in Alzheimer’s disease (AD) dementia, differences in
cognitive decline between blacks and whites have been negligible.10 11 and 12 Reasons for
this discrepancy are unknown but the concept of cognitive reserve may partially account for
this phenomenon. Cognitive reserve is defined as the ability of an individual to tolerate
progressive brain pathology without demonstrating clinical cognitive symptoms.13
Examples of cognitive reserve include education and engagement in physical and cognitive
activities.14 15and 16 Eqycation is a well-established risk factor for AD dementia,17 and 18
Blacks have higher cognitive function for additional education beyond high school
compared to whites with similar education,® but engage less frequently in cognitive and
physical activities.2? Given that higher cognitive reserve ensures that individuals can tolerate
more neuropathology before reaching the threshold of dementia, if both racial groups have
the same rate of cognitive decline, blacks may disproportionately develop dementia because
of lower cognitive reserve,2! and this may help explain the lack of benefit of protective
factors in blacks. If this hypothesis is correct, then intervening on cognitive decline may not
be uniformly effective among blacks and whites. Blacks also have lower socioeconomic
status than whites, which could explain poor psychosocial functioning and worse health
outcomes,?2 including the discrepancy in cognitive decline and AD dementia rates.

Physical activity can be broadly defined as any musculoskeletal movement that expends
energy beyond the resting level. This broad definition may account in part for the
heterogeneous findings with regard to the association between physical activity and
cognitive functioning. Several prospective studies have reported no association between
physical activity and cognitive decline?3 and dementia,24 25 26, 27 and 28 \yhjle others
suggest a significant association between physical activity and cognitive decline2?, mostly in
women,30and 31 and persons with dementia, 32 33 and 34 depending on the type and intensity
of physical activity.27: 28. 35and 36 prospective studies have also shown a significant
association between late-life cognitive activity and cognitive decline.23: 37, 38 and 39 Erequent
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participation in cognitively stimulating activities is postulated to alter the structure and
function of neural systems that support cognition such that a higher pathologic burden is
required before functional impairment occurs.*0

The primary aim of the present study is to examine the association of physical and cognitive
activities with level and change in cognitive function among black and white participants.
Our secondary aim was to explore observed differences between black and white
participants using post-hoc analyses based on education and cognitive function levels.

METHODS

Setting

The Chicago Health and Aging Project (CHAP) is a population-based, longitudinal study of
Alzheimer’s disease and other common health conditions among adults 65 years or older
performed from 1993-2012, described previously.*! Assessments were conducted in three-
year cycles in participants’ homes, which were geocoded for census tract and census block
information. All CHAP participants came from a relatively small geographic area, thereby
allowing us to use census block as the definition of neighborhood. Study participants who
provided data for at least two cycles of data collection were included in this investigation.

Cognitive Function

Cognitive function was evaluated using a battery of four tests including two tests of episodic
memory (immediate and delayed recall of the East Boston Story),2-43 a test of perceptual
speed (Symbol Digits Modalities Test),*4 and a test of general orientation and global
cognition (Mini-Mental State Examination).*® In a factor analysis, these tests loaded on a
single factor that accounted for about 75% of the variance.® Hence, we constructed a
composite measure of global cognitive function based on all four tests by averaging the four
tests together after centering and scaling each to their baseline mean and standard deviation.
Thus, a participant whose composite performance matches the average participant at
baseline has a composite cognitive score of 0.

Physical Activity

Physical activity was assessed at baseline using an instrument from the US Health Interview
Survey that was modified for use in older adults.*® Participants were asked whether they
engaged in the following leisure activities during the past 2 weeks: walking for exercise,
yard work, calisthenics or general exercise, bicycle riding, and swimming or water
exercises. They were also asked to rate the number of times and the average number of
minutes that they engaged in each of the activities. A composite index of physical activity
was created by summing the products of the number of minutes for each activity.4’ We
found the distribution of the physical activity measure to be highly positively skewed with a
large point mass at zero and significant differences between black and white participants.
Hence, we created four groups of physical activities based on quartiles of the entire sample
(0 hours (h), 0.01-1.24h, 1.25-3.99h, and above 4h) of physical activity per week.
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Cognitive Activity

At the baseline interview, we asked about seven activities that mainly involve seeking or
processing information and have minimal physical or social demands: viewing television;
listening to radio; reading newspapers; reading magazines; reading books; playing games
like cards, checkers, crosswords, or other puzzles; and going to a museum. Persons rated
their current frequency of participation in each activity on a five-point scale: 4) every day or
about every day; 3) several times a week; 2) several times a month; 1) several times a year;
0) once a year or less. The ratings were averaged to yield the composite measure of
cognitive activity, which ranged from 0 to 4, with higher scores indicating more frequent
participation.?

Covariate Measures

The study also consisted of gender (males or females), race (blacks or non-blacks),
education (measured in number of years of schooling completed), and baseline measures of
body mass index (kg/m?2), and number of co-morbid conditions (cancer, heart condition,
hypertension, stroke, diabetes, and hip fracture) that were included in our analysis, since
they might influence the association between physical activity and cognitive decline. In a
sensitivity analysis, we also adjusted for baseline physical function, activities of daily living,
and depressive symptoms.

To capture various social and built environment features of the neighborhood that may
influence patterns of physical activity,*8 we constructed a measure of neighborhood-level
socio-economic status (SES), using a previously published measure that is composed of four
indicators of the census-level block groups: percent on public assistance, percent of
households earning $25,000 per year or less, percent with a college degree or higher, and
percent of owner-occupied dwellings valued at $200,000 or higher,*? in analyses. A z-score
transformation was computed for each indicator across census block groups and the
resulting four z-scores were averaged to create the neighborhood-level measure for each
census block, with higher scores indicative of better neighborhood socioeconomic
conditions.

Statistical Analysis

Descriptive statistics were computed using mean and standard deviation for continuous
variables and percentages for categorical variables stratified by race. Linear mixed-effects
regression models with a two-way interaction of time since baseline (in years) and baseline
physical and cognitive activities, while adjusting for baseline covariates stratified by race,
were used to study change in cognitive function over the follow-up period. Random effects
for intercept and slope was also used to allow for heterogeneity in participant-level cognitive
baseline cognitive function and slope of cognitive decline. Each model also included fixed
effects for time, age, gender, education, number of chronic health conditions, and BMI. A
second model with a three-way interaction of an indicator for physical activity, time since
baseline, and an indicator for black participants was used to examine differences between
coefficents for blacks and whites. In a separate analysis, we adjusted for neighborhood-level
SES to examine the level of change in association of physical activity and change in
cognitive function due to neighborhood-level SES. As a secondary analysis, we took two
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approaches: (1) restricted our sample to above average neighborhood-level SES (above
-0.113 standardized score); and (2) restricted our sample to high SES (over 12 years of
education) and above average cognitive function (above 0.2-standard deviation unit (SDU)).
These post-hoc analyses were performed to explain race-related differences in our primary
analysis. All analyses were performed using Ime function in nime library of R program.>°

Participants with two or more cognitive assessments with an average follow-up time of 9.5
(SD=2.3) years (or about 3 cognitive assessments) were included in this investigation. The
study sample consisted of 2322 (30%) participants with no physical activity, 1513 (20%)
participants with 0.01 — 1.24h, 1883 (24%) participants with 1.25 — 3.99h, and 2024 (26%)
participants with =4h of physical activity per week.

The baseline characteristics of participants stratified by race are shown in TABLE 1. Blacks
were younger with less education and higher BMI, and had lower cognitive function scores,
lower physical and cognitive activity, and a higher number of chronic health conditions, and
lived in neighborhoods with lower SES compared to whites.

Blacks reported less physical activity on average than whites (chi-square= 260, df=3,
p<0.0001). Of the 4976 blacks, 1756 (35%) reported no physical activity, 1031 (21%)
reported 0.01 — 1.24h, 1086 (22%) reported 1.25 — 3.99h, and 1103 (22%) reported =4h of
physical activity. Of the 2766 whites, 566 (21%) reported no physical activity, 482 (17%)
reported 0.01 — 1.24h, 797 (29%) reported 1.25 — 3.99h, and 921 (33%) reported > 4h of
physical activity.

Blacks also reported less cognitive activity compared to whites (chi-square=474, df=1,
p<0.0001). Among blacks, 2828 (57%) reported cognitive activity below the overall mean of
2.18, and the remaining 2148 (43%) reported cognitive activity above the mean. Among
whites, 858 (31%) reported cognitive activity below the overall mean and the remaining
1908 (69%) reported cognitive activity above the mean.

Physical activity of =4h was associated with baseline cognitive function in black and white
participants (TABLE 2). Compared to participants with no physical activity, the average
baseline cognitive function was higher by 0.061-standard deviation units (SDU) in black
participants (SE=0.023, Wald t-statistic=2.62 , df=4967, p=0.009) and 0.078-SDU in white
participants (SE=0.029, Wald t-statistic=2.67, df=2757, p=0.008) among those with more
than 4h of physical activity. A similar trend was observed for physical activity of 1.25 —
3.99h with higher baseline cognitive function of 0.075-SDU among black participants
(SE=0.023, Wald t-statistic=3.25, df=4967, p=0.001), but this level of physical activity was
not significantly associated with baseline cognitive function (0.043-SDU) among white
participants (Wald t-statistic=1.46, df=2757, p=0.14).

The relative change in cognitive decline for each level of physical activity is also shown in
TABLE 2. Cognitive function declined by 0.063-SDU per year among black participants
with no physical activity (SE=0.002 , Wald t-statistic=31.2, df=11748, p<0.0001), a
significantly slower rate of cognitive decline relative to white participants (Wald t-
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statistic=2.94, df=18064, p=0.003) with 0.078-SDU per year among white participants with
no physical activity (SE=0.004, Wald t-statistic=19.5, df=6321, p<0.0001). A level of
physical activity between 0.01 — 1.24h was not associated with slower cognitive decline
among black (Wald t-statistic=0.74, df=11748, p=0.46) or white participants (Wald t-
statistic=1.81, df=6321, p=0.07). A higher level of physical activity between 1.25 — 3.99h
was not associated with slower cognitive decline among blacks (Wald t-statistic=0.89,
df=11748, p=0.38), but slowed cognitive decline by 0.015-units per year among white
participants (SE=0.005, Wald t-statistic=3.0, df=6321, p=0.003). A similar trend was
observed for physical acitivty >4h; a higher level of physical activity was not associated
with slower cognitive decline among black participants (Wald t-statistic=1.41, df=11748,
p=0.16), but slowed cognitive decline by 0.019-units per year among white participants
(SE=0.005, Wald t-statistic=3.8, df=6321, p=0.0001).

Using a linear contrast, slower cognitive decline among those who reported more than 1.25h
of physical activity was significantly different between black and white participants (Wald t-
statistic=2.11, df=18065, p=0.035). Therefore, for physical activity above the 501" percentile
or 1.25h per week, cognitive decline decreased by about 20% (95% confidence interval [CI]:
13 - 27%) among white participants, but was not associated with decline among black
participants. Even after controlling for physical function, activities of daily living, and
depressive symptoms, physical activity above 1.25h was significantly associated with
cognitive decline among white participants, but not among black participants, a difference
that remained significant (Wald t-statistic=2.03, df=18062, p=0.042).

In our secondary analysis, we included neighborhood-level SES variable, and found that
cognitive decline slowed by 0.004-SDU (SE=0.004, Wald t-statistic=1.09, df=10934,
p=0.28) among blacks with over 4h of physical activity, similar to that reported in TABLE
2. In a second set of analyses, we restricted our sample to participants with above average
neighborhood-level SES (above —0.112 standardized score), and found that cognitive
decline slowed by 0.006-SDU (SE=0.010, Wald t-statistic=0.59, df=1636, p=0.55), which
remained non-significant. Our analysis using neighborhood-level SES measure did not
explain the lack of benefit of high physical activity (over 4h) among black participants.

Given that considerable racial differences were observed in baseline cognitive function
(0.126-SDU for black participants vs. 0.553-SDU for white participants) and education (11.5
years vs. 13.9 years), we restricted our sample to those with 12 or more years of education
and above average cognitive function in our post-hoc analysis. In this subsample, the
relative change in cognitive decline was similar for black and white participants across the
four physical activity frequency groups. Most notably, participants above 1.25h of physical
activity had slower cognitive decline by 0.020-SDU per year among white participants
(SE=0.007, Wald t-statistic=2.85, df=5559, p=0.004) and 0.021-units per year among black
participants (SE=0.007, Wald t-statistic=3.1, df=4942, p=0.002) relative to participants with
no physical activity. This translated to about 29% (95% CI: 20 — 38%) slower cognitive
decline for those above 1.25h of physical activity. The change in cognitive function relative
to physical activity in this post-hoc analysis is shown in Figure 1. The graph shows that a
higher level of physical activity was associated with slower cognitive decline in both black
and white participants.
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Translating the association of the four physical activity frequency groups with cognitive
decline into effect sizes, an increase in physical activity between the four groups increases
the effect size by roughly 0.6, which is considered to be an increase of medium effect size
for each quartile increase (e.g., going from 0.01 — 1.24h to 1.25 — 3.99h). For black
participants, this increase is roughly 0.28, which is a small effect size, and roughly half of
that observed in white participants. However, restricting the analysis to participants with
above population average baseline cognitive function and over 12 years of education yields
an effect size of about 0.65 in both black and white participants.

Cognitive activity was positively associated with baseline cognitive function in both black
and white participants. The average baseline cognitive function was higher by 0.255-units
among black participants (SE=0.013, Wald t-statistic=19.6, df=4969, p<0.0001) and 0.278-
units among white participants (SE=0.018, Wald t-statistic=16.3, df=2759, p<0.0001).

Among participants with low cognitive activity, cognitive function declined by 0.072-SDU
per year among black participants (SE=0.004, Wald t-statistic=17.9, df=11750, p<0.0001),
and by 0.096-units per year among white participants (SE=0.008, Wald t-statistic=11.8,
df=6323, p<0.0001). For each unit of increase in the frequency of cognitive activity, the
change in cognitive function decreased by 0.006-units per year among black participants
(SE=0.002, Wald t-statistic=3.0, df=11750, p=0.003), and by 0.013-units per year among
white participants (SE=0.003, Wald t-statistic=4.1, df=6323, p=0.0005). This translates to a
roughly 8% (95% CI: 3 — 14%) decrease in cognitive decline among black participants and a
14% (95% CI: 7% — 20%) slower rate of cognitive decline among white participants for
every one-point increase in cognitive activity. A three-way interaction of cognitive activity,
time since baseline, and race was not statistically significant (Wald t-statistic=1.01, df=
18074, p=0.31).

Translating the association of cognitive activity with cognitive decline into effect sizes, a
unit increase in frequency of cognitive activities provides an effect size of 1.52 in white
participants and 1.34 in black participants, similarly large effect sizes.

DISCUSSION

Our findings demonstrate that physical activity was protective for cognitive decline among
white participants, and the benefit of physical activity did not depend on white participants’
level of education or baseline cognitive functioning. In contrast, while physical activity did
not appear to slow cognitive decline in the overall population of black participants, we did
observe a benefit of physical activity in a subsample of blacks with higher education and
higher baseline cognitive functioning. Cognitive activity, on the other hand, was associated
with slower cognitive decline among both black and white participants, and resulted in large
and meaningful effect sizes.

White participants had a moderate increase in effect size, with higher levels of physical
activity resulting in slower cognitive decline. In contrast, benefits of physical activity among
black participants yielded only a small effect size and did not impact cognitive decline.
Further examination of the null association of physical activity on cognitive decline among
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black participants suggested an interaction of education and baseline cognitive function.
Physical activity appeared to be protective against cognitive decline only among black
participants with higher baseline cognitive function and higher education; and the effect size
was moderate and similar to that of whites participants. The basis of this finding is not clear
but the concept of cognitive reserve may help explain the findings. It has been proposed that
individuals differ in their capacity to tolerate the pathology associated with AD dementia.
This capacity is conceptualized as cognitive reserve and education is one of the factors
thought to build cognitive reserve. It is possible that blacks in our study with higher
education, and as a consequence, higher cognitive function, had higher cognitive reserve that
allowed them to benefit from the effects of physical activity on cognitive decline. Extending
this logic further, physical activity did not buffer the effects of pathology in blacks with
lower education and lower cognitive reserve. Why this would be the case for blacks but not
whites needs further exploration. But higher education is correlated with a number of
experiential factors, resources, and skills that enable a healthier lifestyle and better health
status. It is possible that blacks with higher education also tended to have healthier diets,
lower BMI, were less likely to smoke, and had fewer health conditions, all factors that have
been shown to be related to slower rates of cognitive decline.3 Further studies of physical
activity and cognitive decline in older blacks are needed, particularly studies that can
determine the mechanisms linking high education and physical activity to decline in this
population.

We also accounted for the overall level of social disadvantage within neighborhood
environments where participants lived that could conceivably influence participation in
physical activities. Previous studies have identified neighborhood-level SES as a social
determinant of health that is inversely related to a range of poor health outcomes and
unhealthy behaviors, including cognitive decline and reduced physical activity.2249 The
broader social environment for older adults may be particularly important for participation
in physical activities because of limited mobility and the tendency to rely more on resources
in their immediate environment.8 However, neighborhood-SES did not explain the lack of
benefit of physical activity among blacks. Nonetheless, while our findings for black
participants are somewhat surprising and largely unreported in the literature, the results still
fit within the existing cognitive reserve hypothesis.

The results of our study largely align with previous prospective studies that have found a
positive association between physical activity and cognitive decline in white populations. 27
Importantly, the benefits of leisure time physical activity was not dependent on sex28-29
rather, on education and initial levels of cognition. Our study also suggests that leisure time
physical activity over the duration of 1.25h is beneficial. However, our study did not
measure intensity, such as those by Rovio et al.33 and Andel et al.3* A previous
investigation based on 4055 participants from the CHAP study reported a null finding for
the association between physical activity and cognitive decline.23 This previous null finding
may be due to strong confounding by race, and the use of a linear predictor of physical
activity which attenuates linear estimates towards the null due to a high mass of non-
participation in physical activities among black participants. A previous report from CHAP
on cognitive activities and decline reported a 19% reduction in cognitive decline for each
unit increase in frequency of cognitive activities.1> However, our current estimates of 14%

AmJ Geriatr Psychiatry. Author manuscript; available in PMC 2016 December 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rajan et al. Page 9

in white participants and 8% in black participants are based on a much larger sample with
longer follow-up. Similar to our previous report, we found no significant difference in the
association of cognitive activities and cognitive decline between black and white
participants.

The main limitation of the study is that data was collected in 3-year cycles, making short-
term changes less tractable. Given that CHAP collected data for six cycles with up to 18
years of follow-up and our analysis was restricted to those with two or more cognitive
assessments, the estimates of cognitive decline are more reliable over a longer observation
period. In addition, physical activity was measured using leisure time activities rather than
aerobic exercise type activities, which might lead one to believe that the type and duration of
physical activity might play an important role, especially among black participants. More
research is needed to understand the relationship of physical activity with cognitive decline
in black participants.

In summary, leisure time physical activity in old age was associated with decreased
cognitive decline among white participants, but the benefits of physical activity were only
observed in black participants with higher cognitive functioning and higher education. More
frequent cognitive activities decreased cognitive decline in both black and white
participants. A healthy lifestyle centered on physical and cognitive activities should help
reduce the risk of cognitive decline in the general population.
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FIGURE 1.
Change in cognitive function relative to physical activity among black and white

participants

Legend: Change in cognitive trajectories is depicted for physical activity above 1.25h per
week among those with education higher than 12 years and standardized cognitive function
above 0.2-SDU.
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