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Abstract.
Background: Previous modelling found that fitness and aortic stiffness both independently predicted spatial working memory
(SWM) performance in older people. There is also evidence that greater engagement in moderate intensity exercise contributes
to better cognitive performance, potentially working through improving fitness and aortic stiffness.
Objective: To investigate the effect of exercise on the previously established relationships between fitness, aortic stiffness,
and SWM, and whether these associations differ between older adults of higher and lower fitness.
Methods: One hundred and two residents of independent living facilities, aged 60–90 (M = 77.5, SD = 6.9) participated in
the study. Measures included computerized cognitive assessment, the Six-Minute Walk fitness test, the CHAMPS physical
activity questionnaire, and aortic pulse wave analysis. Multiple structural equation models were used to test hypotheses.
Results: Overall, exercise levels had a small additional effect in predicting SWM, working exclusively through fitness,
although this was only true for those of lower than average fitness. Additionally, it was found that while fitness was the most
important factor in predicting SWM in those of lower fitness, aortic stiffness was the strongest predictor in those of higher
fitness.
Conclusion: Fitness and aortic stiffness are strong predictors of cognition in older people, and greater engagement in exercise
predicted better cognition in those who were of lower fitness. Fitter older people may benefit more from interventions which
target aortic stiffness in order to preserve cognitive performance as they age, while those who are less fit may benefit most
from improving fitness first, including through increased physical activity.
Keywords: Aging, aortic stiffness, arterial stiffness, cognition, exercise, physical activity, physical fitness, working memory
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The increase in global life expectancy is bringing
with it an associated dramatic rise in age-associated
illnesses, in particular serious cognitive decline and
dementias such as Alzheimer’s disease (AD). In addition to the obvious devastating personal impacts of
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dementia, on both the affected individuals and their
families, serious cognitive decline also has significant societal and economic costs. In particular, it
is a major factor in the ever-increasing cost of age
care, as the majority of permanent aged-care residents
have some form of dementia [1]. In 2015 there were
approximately 47 million people living with dementia globally, with an estimated economic impact of
USD $818 billion [2]. Worldwide, with over 140 million people predicted to be living with dementia by
2050, dementia is considered to be the greatest social
and health care challenge of the 21st century [2].
While declining cognition is considered a normal
part of aging, more rapid or severe decline is a major
risk factor for dementia [3].As there are currently no
viable long-term pharmacological treatment options
available, it is important that focus is placed on intervention strategies that address modifiable risk factors
in accelerated cognitive decline and dementia. Of
these modifiable risk factors, cardiovascular health
[2, 4, 5] and physical fitness [6–9] have emerged as
important targets, with increased exercise/physical
activity considered a primary intervention methodology [2, 8, 9].
As outlined in the “vascular hypothesis” of AD,
there is clear evidence that vascular health is inexorably linked to brain health and resultant cognitive
functioning [4, 5, 10]. One area of particular focus
in recent years is the stiffening of the central thoracic arteries (primarily the aorta), which is highly
associated with increasing age [11]. These large elastic arteries play a major role in buffering the brain
from the pulsatile output from the heart. Over the
lifespan, these arteries progressively dilate and stiffen
[12, 13], resulting in increased peak pressures being
transmitted to downstream vascular beds. As the brain
requires a continuous and high flow of blood, there
is significantly less secondary vasoconstrictive arterial resistance in the brain than other tissues. As a
result, the cerebral microvasculature is more exposed
to increases in maximal pressures that of other tissue
[11, 14]. Prolonged exposure to higher pressures is
proposed to result in damage to these small vessels,
resulting in eventual neuronal loss and, consequently,
a degradation of cognitive ability [15–17]. While
this relationship between higher aortic stiffness and
greater cognitive decline has been supported by the
bulk of the extant literature, much of the research
in this area is considered statistically weak [17]
and overly reliant on low-sensitivity measures of
cognition such the Mini-Mental State Examination
(MMSE) [16]. It is also still unclear whether the

stiffening of the aorta associated with increasing age
can be readily ameliorated [12]; however, there is
some evidence that exercise, particularly involving
moderate-to-vigorous types of physical activity, may
lower central arterial stiffness in middle-aged and
older people [18].
Lower levels of physical fitness have been shown
to correlate with poorer cognition [19, 20] and higher
risk of dementia in older people. Large population studies have found that, along with hearing
loss, inactivity and low levels of physical fitness are
the predominant modifiable lifestyle factors associated with increased rates of dementia, exceeding
other primary areas of focus such as obesity, diabetes, hypertension, and smoking [21, 22]. In an
older cohort, individuals with the most cognitive
impairment were found to have the lowest levels
of cardio-respiratory fitness and least engagement
in physical activity [23]. A meta-analysis of MRI
studies also concluded that, although the effect sizes
were small, lower levels of physical fitness and activity are associated with lower white matter volume,
and increased white matter lesion volume and severity [24]. These changes in white matter have, in
turn, been associated with poorer cognitive function [25–27]. Interim analysis of the large Dr’s Extra
intervention study, involving 1,335 older people,
found that moderate to high levels of fitness predicted > 50%lower incidence of memory impairment
than low fitness; however, it failed to show any group
effect of exercise on cognition [28]. While a number of studies have found that exercise, in particular
exercise of at least moderate intensity, may reduce
the cognitive decline associated with aging [29, 30],
intervention trial-based evidenced to support the efficacy of exercise in preventing cognitive decline or
dementia is, at best, low in strength [31].
It has been proposed that physical activity may
improve fitness and subsequently improve cognition
in older individuals of lower fitness, while maintaining fitness and therefore maintaining cognitive
function in those with moderate to high levels of
fitness [32, 33], suggesting possible boundary conditions for the efficacy of exercise and fitness in
improving cognitive performance in the elderly. This
proposed boundary effect is also supported by the
findings of a recent study of middle-aged office workers. This research found that those with low level
of fitness performed worse in a number of cognitive
assessments; however, there was no difference in performance between those of moderate and high fitness
levels [34].
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Walk score in the case of people with lower fitness and
by carotid-femoral pulse wave velocity in the case of
people with higher fitness.
METHODS
Cross-sectional baseline data from the LIILAC
trial [36] were used to further interrogate the previously established model of the relationships between
fitness, aortic stiffness, and spatial working memory
performance in older people.
Ethics

Fig. 1. Conceptual model. BMI, body mass index; MVPA,
moderate-to-vigorous physical activity; 6 MW, Six-Minute Walk
test; CFPWV, carotid-femoral pulse wave velocity; SWM, Spatial
Working Memory.

Our recently published study [35] derived a
structural equation model based on data from the
Lifestyle Intervention in Independent Living Aged
Care (LIILAC) trial [36]. This model showed that,
while there was no direct relationship between
them (contrary to expectations), both better fitness
(assessed using the Six Minute Walk (6 MW) Test)
and lower aortic stiffness (assessed via carotidfemoral pulse wave velocity, CFPWV) independently
predicted better Spatial Working Memory (SWM)
performance in older people and, in conjunction with
BMI and sex, explained 33% of the total SWM variance. Additionally, in combination, fitness and aortic
stiffness totally mediated the strong effect of age on
cognitive performance [35].
The current study extended the investigation of
our previous model on the relationships between
fitness, CFPWV, and SWM, by investigating the
effects that physical activity and levels of fitness
would have on the model. In particular, the effect
of energy expenditure in moderate-to-vigorous physical activity (MVPA) on this model was examined. As
illustrated in the conceptual model shown in Fig. 1,
it was hypothesized that higher MVPA would predict better spatial working memory performance both
directly, as well as indirectly via its effect on fitness
and arterial stiffness. Additionally, the differential
relationships amongst these variables were examined
for people at lower and higher levels of fitness. It was
hypothesized that the relationship between moderateto-vigorous physical activity and spatial working
memory would be primarily mediated by Six-Minute

Ethical approval for this trial was obtained from
the Swinburne University Human Research Ethics
Committee – SUHREC 2013/057.The trial was also
registered with the Australian New Zealand Clinical Trials Registry – ACTRN12614001133628. All
procedures were conducted in accordance with the
Declaration of Helsinki (as revised in 2004).
Participants
One hundred and two individuals, aged 60 to 90
(M = 77.5, SD = 6.9), living in independent living
accommodation within retirement communities, participated in the trial. All participants in the LIILAC
trial tested at baseline were included in this analysis;
however, three participants did not complete the fitness assessment. The 73 females and 29 males in this
study lived in their own residence within the community and were able to carry out their daily living activities without external support. All testing was conducted onsite at the residential community facilities.
To more accurately reflect the aging population,
the use of medications, other than those drugs considered to be either illicit or cognitively enhancing,
was not an exclusion criterion, as long as the dosages
were stable for at least six months. However, prospective participants were excluded from the study if they
scored less than 24 on the MMSE, indicating possible
cognitive impairment; or more than nine on the Geriatric Depression Scale (GDS), indicating a significant
level of depressive symptoms. Participants were also
excluded if they had uncorrected visual impairment
that limited their ability to perform the trial-based
assessments, significant psychological or neurological disorders, or lacked the ability to speak and read
English fluently. Finally, the ability to walk independently and safely, as assessed by their physician, was
also a requirement for participation.
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Cardiovascular assessment
Cardiovascular assessments were carried out with
the SphygmoCor® XCEL device (AtCor Medical,
Sydney, Australia). Participants initially rested for
five minutes in a supine position. Brachial systolic,
diastolic, and pulse pressures were then measured via
a cuff affixed to the upper left arm. Central (aortic)
blood pressures were also automatically derived by
the device during this process. For greater accuracy
measurements were taken three times. The first was
discarded, as this had the greatest chance of being
artificially elevated due to apprehension and ‘whitecoat syndrome’, and the final results were taken as
the average of the second and third measurements.
To derive the carotid-femoral pulse wave velocity (CFPWV) measure of aortic stiffness, a cuff was
placed high on the left leg to capture the femoral pulse
waveform, while the carotid waveform was captured
using a hand-held tonometer. The distance between
these two sites was measured and then divided by
the pulse transit time to calculate the CFPWV. This
is considered the ‘gold standard’ method of central
arterial stiffness assessment [37].
Fitness and exercise assessment
Six-Minute Walk test
Fitness/functional capacity was assessed using the
Six-Minute Walk test (6 MW) [38]. Participants were
encouraged to walk back and forth between two
markers placed 10 m apart as many times as possible,
for a continuous period of 6 min. The total distance
covered, to the nearest meter was then recorded [39].
This submaximal test of aerobic capacity [40] has
been shown to be a simple, reliable and practical
method of evaluating fitness, particularly in those that
may have physical limitations [41, 42].
Community healthy activities model program for
seniors
Exercise was assessed using the Community
Healthy Activities Model Program for Seniors
(CHAMPS) Physical Activity Questionnaire for
Older Adults [43], a tool designed specifically to
assess the physical activity of older adults. The
CHAMPS was designed to assess appropriate types
of activities for older people, facilitate accurate
reporting, reduce socially desirable responding as
much as possible, and be sensitive to change. This
self-report activity questionnaire asked participants
about 40 activities engaged in over the last four

weeks. Calorific expenditure for each activity was
then calculated using the summary of metabolic
weights with selected items adjusted for older adults,
with moderate-to-vigorous intensity physical activity related activates being classified as the subset with
metabolic equivalent of task (MET) values ≥ 3. Scoring was conducted using the amendments described
in the revised codebook [44], which corrected for an
omission error in the original scoring codebook [43],
used to calculate the weekly expenditure of calories
in moderate-to-vigorous physical activity (MVPA).
The CHAMPS has been found to be a valid and reliable method of evaluating physical activity in older
adults [45, 46].
Cognitive assessment
Cognitive performance was assessed using
the Swinburne University Computerised Cognitive Assessment Battery (SUCCAB), which is
well-validated against age [47] and sensitive to
interventions [48–50]. This battery consists of
the following tests, known to be sensitive to cognitive changes commonly associated with aging
[51–53]: Simple Reaction Time, Choice Reaction
Time, Immediate Recognition, Congruent Stroop,
Incongruent Stroop, Spatial Working Memory,
Contextual Memory, and Delayed Recognition.
Detailed descriptions of the component tasks of the
SUCCAB can be found in earlier papers by Pipingas
and colleagues [47, 49, 54].
The SUCCAB was administered on an external
screen attached to a laptop, to reduce distraction
and ensure appropriate visibility. Participants were
instructed to respond as fast and as accurately as possible using a 4-button response box. Each task was
preceded by a truncated practice session to ensure
they understood the nature of the test and how to
appropriately respond.
The average response time and percentage accuracy for each task were calculated. To account for
the well-known phenomena of older people sacrificing speed for accuracy, a performance score was then
calculated by dividing the accuracy by the response
time, with higher scores reflecting overall better performance. In order to better reflect general cognitive
domains, rather than specific battery test scores,
these performance scores were then combined into
the following four broader cognitive domain scores,
reflecting the Cattell-Horn-Carroll Broad Abilities
model [55]: Reaction and Decision Speed (RDS),
Cognitive Processing (CogP), Spatial Working Mem-
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ory (SWM), and Visual Processing (VisP). This
process has been detailed in the previous paper by
Kennedy et al. [35].

Statistical analysis
The participants were divided into two groups with
higher and lower levels of fitness, based on a median
split of the 6 MW score. Independent samples t-tests
were used to compare the characteristics of participants with higher and lower levels of fitness. These
data were also used to further interrogate the previously established model of the relationships between
fitness, aortic stiffness and spatial working memory
performance in older people using structural equation
modelling, with invariance testing used to compare
the relationships between these variables for people
with higher and lower levels of fitness. This allows a
holistic comparison of the factors influencing SWM
in participants with higher and lower levels of fitness. Goodness of fit statistics used for the structural
equation modelling included the chi-square statistic
and the normed chi-square. As recommended by Hu
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and Bentler [56], adequate model fit requires normed
chi-square between 1 and 2. Invariance was assessed
using a chi-squared statistic to compare the fitted
models for the two groups. The structural models
for each group were then refined with the removal
of non-significant paths. The analysis was conducted
using IBM SPSS and AMOS version 25. A G-Power
analysis showed that, with the relatively small sample sizes for the two groups, only large effect sizes
(f2 = 0.35) can be detected.
RESULTS
Overall means and standard deviations for the
demographic, cardiovascular, cognitive, and exercise
variables/measures are presented in Table 1 for the
combined and separate fitness groups.
Correlations among the model variables are shown
in Table 2 for the combined and separate fitness
groups. A path model, as shown in Fig. 2, was developed to investigate the effect of the inclusion of
quantity of moderate exercise into the original model
previously developed by Kennedy et al. [35]. This

Table 1
Demographic, cardiovascular, cognitive and exercise characteristics – including fitness group differences
Total
(n = 102)

Lower Fitness
(n = 49)

Higher Fitness
(n = 50)

77.5 (6.9)
12.7 (3.5)
28.49 (1.34)
28.29 (4.69)
39.73

79.9 (5.9)∗∗
12.3 (3.7)
28.61 (1.34)
29.35 (4.54)∧
41.43

75.1 (7.0)∗∗
13.2 (3.3)
28.42 (1.34)
27.06 (4.28)∧
42.86

135.72 (15.90)
70.35 (10.27)
65.38 (12.63)
123.73 (14.53)
51.88 (10.68)
11.51 (1.94)

137.50 (17.85)
68.96 (10.82)
68.54 (13.95)∧
124.04 (16.59)
53.21 (12.01)∧
11.70 (1.71)

135.00 (13.73)
72.20 (9.24)
62.80 (10.74)∧
122.34 (12.31)
48.96 (8.97)∧
11.39 (2.15)

Cognitive Domains
RDS
CogP
VisP
SWM

0.03 (0.79)
0.00 (1.00)
0.00 (0.86)
0.00 (1.00)

–0.09 (0.79)
–0.75 (0.91)
–0.04 (0.81)
–0.29 (0.82)*

0.17 (0.78)
0.03 (1.09)
0.05 (0.94)
0.28 (1.11)∗

Fitness & Exercise
6 MW, m
MVPA, cal/week

356.16 (75.59)
1511.30 (1841.59)

307.58 (53.33)∗∗
1253.13 (1518.88)

421.59 (45.57)∗∗
1824.93 (2131.10)

Demographics & Morphometrics
Age, y
Education, y
MMSE
BMI, kg/m2
% males
Cardiovascular
BSBP, mmHg
DBP, mmHg
BPP, mmHg
CSBP, mmHg
CPP, mmHg
CFPWV, m/sec

Mean (SD) reported. Education, years of formal education; MMSE, Mini-Mental State Examination; BMI, body mass
index; BSBP, brachial systolic blood pressure; DBP, diastolic blood pressure; BPP, brachial pulse pressure; CSBP,
central systolic blood pressure; CPP, central pulse pressure; AP, augmented pressure; AI, augmented index; CFPWV,
carotid-femoral pulse wave velocity; RDF, Reaction and Decision Speed; CogP, Cognitive Processing; VisP, Visual
Processing; SWM, Spatial Working Memory; 6 MW, Six-Minute Walk test; MVPA, moderate-to-vigorous physical
activity. Significant differences between lower and higher fitness groups indicated: ∧ p ≤ 0.05, *p ≤ 0.01, **p ≤ 0.001.
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Table 2
Correlations among model variables for the Overall, Lower Fitness and Higher Fitness groups
BMI

MVPA

Age

Sex

6MW

CFPWV

Overall
MVPA
Age
Sex
6MW
CFPWV
SWM

–0.149
–0.038
–0.065
–0.339 **
–0.086
0.082

–0.274 ∧
–0.259 ∧
0.243 ∧
–0.034
0.228 ∧

–0.083
–0.382 **
0.308 *
–0.367 **

–0.003
–0.325**
–0.237 ∧

–0.036
0.374**

–0.238 ∧

Lower Fitness
MVPA
Age
Sex
6MW
CFPWV
SWM

0.006
–0.345 ∧
0.184
–0.235
–0.280
0.144

–0.105
–0.134
0.291 ∧
0.165
–0.007

–0.210
–0.274
0.051
–0.306 ∧

0.051
–0.352 ∧
–0.153

0.085
0.271

–0.162

Higher Fitness
Age
Sex
6MW
CFPWV
SWM

–0.181
0.145
–0.369 *
–0.230
0.010
0.156

–0.288
–0.348 ∧
0.128
–0.134
0.311 ∧

–0.020
–0.140
0.507 **
–0.292 ∧

–0.030
–0.300 ∧
–0.315 ∧

–0.007
0.257

–0.269

Pearson’s correlation coefficients reported. 6 MW, Six-Minute Walk test distance; CFPWV,
carotid-femoral pulse wave velocity; MVPA, moderate-to-vigorous physical activity; BMI, body
mass index; SWM, Spatial Working Memory. ∧ p ≤ 0.05, *p ≤ 0.01, **p ≤ 0.001.
Table 3
Standardized effect sizes from Fig. 2 for SWM
6MW
CFPWV
MVPA
Age
Sex
BMI

Direct

Indirect

Total

0.415
–0.316
0.000
0.000
–0.320
0.178

0.000
0.000
0.051
–0.214
0.096
–0.137

0.415
–0.316
0.051
–0.241
–0.224
0.041

BMI, body mass index; MVPA, moderate-to-vigorous physical
activity; 6 MW, Six-Minute Walk test; CFPWV, carotid-femoral
pulse wave velocity; SWM, Spatial Working Memory.

Fig. 2. Overall model for the physical fitness and arterial stiffness contribution to the variability in SWM with the addition of
moderate exercise. Standardized regression coefficients (␤) are
shown for each path and the percentage of variation explained is
shown for each dependent variable. BMI, body mass index; MVPA,
moderate-to-vigorous physical activity; 6 MW, Six-Minute Walk
test; CFPWV, carotid-femoral pulse wave velocity; SWM, Spatial
Working Memory.

model included all participants and showed a good fit,
χ² (8) = 8.393, p = 0.396, normed chi-square = 1.049.
Standardized direct, indirect and total effect sizes for
the model are shown in Table 3. Similarly to the original model, both 6 MW and CFPWV have a large
direct effect on SWM, with the effect of the 6 MW
being 28% stronger than that of CFPWV. The addition of MVPA added little to the overall model, with

the adjusted model explaining only an additional 1%
of the variation in SWM.
To explore whether level of fitness differentially
influenced the contribution the variables in this
expanded SWM model separately for the two fitness groups. Significant differences were found for
the estimated parameters of these fitted models, χ²
(9) = 17.795, p = 0.038.
The Lower-Fitness model, Fig. 3, showed
good fit, χ² (14) = 19.433, p = 0.149, normed chisquare = 1.388, once non-significant paths were
removed. This model explained 10% of the variation in SWM, with 6 MW being the main predictor
and CFPWV no longer significantly contributing to
the model. BMI, age and MVPA were all significant
contributors to the model, however their effects on
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Fig. 3. Lower-fitness model for the physical fitness and arterial
stiffness contribution to the variability in SWM with the addition
of moderate exercise. Standardized regression coefficients (␤) are
shown for each path and the percentage of variation explained
is shown for each dependent variable. Dotted lines indicate nonsignificant pathways that were significant in the overall model.
BMI, body mass index; MVPA, moderate-to-vigorous physical
activity; 6 MW, six-minute walk test; CFPWV, carotid-femoral
pulse wave velocity; SWM, spatial working memory.

Fig. 4. Higher-fitness model for the physical fitness and arterial
stiffness contribution to the variability in SWM with the addition
of moderate exercise. Standardized regression coefficients (␤) are
shown for each path and the percentage of variation explained
is shown for each dependent variable. Dotted lines indicate nonsignificant pathways that were significant in the overall model.
BMI, body mass index; MVPA, moderate-to-vigorous physical
activity; 6 MW, six-minute walk test; CFPWV, carotid-femoral
pulse wave velocity; SWM, spatial working memory.

Table 5
Standardized effect sizes from Fig. 4 for SWM

Table 4
Standardized effect sizes from Fig. 3 for SWM
6MW
CFPWV
MVPA
Age
Sex
BMI

85

Direct

Indirect

Total

0.277
0.000
0.000
0.000
–0.167
0.000

0.000
0.000
0.076
–0.104
0.000
–0.103

0.277
0.000
0.076
–0.104
–0.167
–0.103

BMI, body mass index; MVPA, moderate-to-vigorous physical
activity; 6 MW, Six-Minute Walk test; CFPWV, carotid-femoral
pulse wave velocity; SWM, Spatial Working Memory.

SWM were all totally mediated by 6 MW. The direct
effect of sex on SWM remained significant, although
the strength of this relationship was approximately
halved in comparison to the overall model. Standardized direct, indirect and total effect sizes for the model
are shown in Table 4.
The Higher-Fitness model, Fig. 4, also showed
good fit, χ² (14) = 14.871, p = 0.387, normed chisquare = 1.062, once non-significant paths were
removed. This model explained 31% of the variation
in SWM. As opposed to the Lower-Fitness model,
CFPWV strongly predicted SWM in this model,
with CFPWV totally mediating the effect of age
and partially mediating the effect of sex. 6 MW also
remained a significant predictor of SWM. However,
BMI, MVPA, and age were no longer significant predictors of 6 MW, nor did they contribute significantly,
either directly or indirectly, to the variation in SWM.
Sex showed the strongest of all direct relationships

6MW
CFPWV
MVPA
Age
Sex
BMI

Direct

Indirect

Total

0.235
–0.416
0.000
0.000
–0.457
0.000

0.000
0.000
0.000
–0.211
0.135
0.000

0.235
–0.416
0.000
–0.211
–0.323
0.000

BMI, body mass index; MVPA, moderate-to-vigorous physical
activity; 6 MW, Six-Minute Walk test; CFPWV, carotid-femoral
pulse wave velocity; SWM, Spatial Working Memory.

with SWM in this model. Standardized direct, indirect and total effect sizes for the model are shown in
Table 5.
DISCUSSION
Previous modelling of data from the LIILAC trial
found that both higher fitness and lower aortic stiffness independently predicted better SWM in older
people [35]. This study further investigated the effects
of fitness and aortic stiffness on cognitive performance, in particular the effect that physical activity
has on the previously developed model. The first
hypothesis, that higher MVPA would predict better
SWM, both directly and indirectly through fitness
and arterial stiffness, was partially supported. Greater
engagement in physical activity did indirectly explain
better SWM through its effect on fitness, although the
overall effect size (0.051) was very small. However,
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contrary to expectations, physical activity had no significant direct effect on SWM, nor indirectly through
any relationship with aortic stiffness. This means that
the small effect that greater engagement in moderateto-vigorous physical activity had on predicting better
SWM performance in older people, may be totally
explained by higher levels of physical activity predicting better fitness.
Secondly, when the relationships in this model
were examined differentially between participants
of lower-fitness and those of higher-fitness, physical activity only predicted SWM through its effect
on fitness for less fit people, which was in line
with expectations. It was also found that the effect
of age on SWM was completely explained by its
relationship with fitness in this group, with aortic
stiffness no longer a significant predictor of SWM.
However, contrary to expectations, for participants
with higher levels of fitness, there was no significant
effect on physical activity on SWM, either directly,
or indirectly through aortic stiffness, nor was there
any significant effect through fitness. Additionally,
the effect of age on SWM was no longer partially
explained by its effect on fitness, but was solely
mediated by its strong relationship to aortic stiffness
(0.51). These results are in line with the other recent
findings which proposed that moderate-to-vigorous
physical activity has a beneficial effect on cognition
in older people up to a certain point, after which the
returns on greater energy expenditure diminish [33].
These findings suggest that there is a small, but
tangible advantage in older, cognitively intact people
engaging in more physical activity of at least moderate intensity to preserve cognitive function. As this
relationship is not evident in this study for those of
moderate to high levels of fitness, this effect may be
limited to those of lower fitness. It should be noted,
however, that the current study is limited by its crosssectional nature and by the relatively small sample
size. Additionally, although current fitness was measured objectively, we relied on subjective reports of
engagement in physical activity over the previous
month only. However, the CHAMPS has been validated against accelerometer measurements in the
Seniors Quality of Life longitudinal study. In particular the MVPA showed the highest association with
accelerometry minutes of corresponding intensity in
seniors. The CHAMPS has, however, has been shown
to require further refinement for lower sedentary and
low-to-light levels of physical activity [46].
Current fitness and short-term engagement in
physical activity may not accurately represent the

engagement in exercise and levels of fitness across
different stages of participants’ lives, nor the timecourses over which these may affect cognitive
outcomes later in life. There is also a realistic probability that the rate of aortic stiffening may be reduced
in those who maintain higher levels of exercise and
physical fitness over long periods of time, particularly
from middle age [18, 57].
Conversely, a strength of this study was the
involvement of a cohort residing in independent living aged care communities, with testing conducted
at the participants’ facility of residence rather than in
a university, laboratory, or hospital setting. As well
as affording an element of ecological validity, this
allowed for a reduction in the potential for influences
of variation in social isolation and living conditions,
as well as capturing a broader sample of the independently living older community, as participants who
were unable or unwilling to travel were able to participate. Also, given that the majority of older people
in developed countries take some form of medication
[58, 59], the inclusion of people on stable doses of
medications allowed the study to reflect a more typical aging population than many studies which are
more restrictive in their medication inclusion criteria.
Overall, the structural models derived from this
study reinforce the predominant assertion that maintaining physical fitness is a factor in maintaining
cognitive health in older people. However, these
findings also indicate that increased engagement in
moderate-vigorous levels of physical activity may not
be an overly important aspect of the maintenance of
physical and cognitive health, particularly in those
who are already moderately fit. Furthermore, while
aortic stiffness was not a significant contributor to
SWM for those of lower fitness, it was the most
important potentially modifiable factor in predicting
SWM performance for fitter people. This suggests
that future interventions aiming to ameliorate the rate
of cognitive decline in the elderly may benefit from
an increased focus on attempting to reduce aortic
stiffness, particularly in fitter older adults who may
not receive as much cognitive benefit from further
increasing their fitness level. While neither current
fitness nor engagement in higher levels of physical
activity had any effect on aortic elasticity in this study,
there is some evidence from other studies that dietary
and pharmacological interventions may be successful
in improving aortic health [60, 61].
In summary, while the overall model shows that
the influence of age on SWM performance can be
totally explained by a combination of its effect on
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fitness and aortic stiffness, these findings from the
fitness level models suggest that interventions to preserve cognitive function may need to be prioritized
differentially depending an individual’s level of fitness. Less fit older individuals should potentially
prioritize improving their fitness level, at least in part
by engaging in more physical activity, to preserve
their cognitive function. However, fitter older people
would likely benefit by interventions which have the
potential to reduce aortic stiffness. Further investigation involving larger longitudinal and interventional
studies in this area, including additional factors which
may influence fitness and aortic stiffness, would further elucidate the relationships established in these
models and potentially lead to better intervention
strategies to reduce the rate of cognitive decline and
risk of dementias such as AD in older people.
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