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Abstract.
Background: Little is known about the association between physical activity (PA) and cognitive trajectories in older adults.
Objective: To examine the association between PA and change in memory, language, attention, visuospatial skills, and global
cognition, and a potential impact of sex or Apolipoprotein E (APOE) 4 status.
Methods: Longitudinal study derived from the population-based Mayo Clinic Study of Aging, including 2,060 cognitively
unimpaired males and females aged ≥70 years. Engagement in midlife (ages 50–65) and late-life (last year) PA was assessed
using a questionnaire. Neuropsychological testing was done every 15 months (mean follow-up 5.8 years). We ran linear
mixed-effect models to examine whether mid- or late-life PA at three intensities (mild, moderate, vigorous) was associated
with cognitive z-scores.
Results: Light intensity midlife PA was associated with less decline in memory function compared to the no-PA reference
group (time x light PA; estimate [standard error] 0.047 [0.016], p = 0.004). Vigorous late-life PA was associated with less
decline in language (0.033 [0.015], p = 0.030), attention (0.032 [0.017], p = 0.050), and global cognition (0.039 [0.016],
p = 0.012). Females who were physically inactive in midlife experienced more pronounced cognitive decline than females
physically active in midlife and males regardless of PA (p-values for time interaction terms with midlife PA levels and sex
were all p < 0.05 for global cognition). APOE 4 carriership did not moderate the association between PA and cognition.
Conclusion: Engaging in PA, particularly of vigorous intensity in late-life, was associated with less pronounced decline in
global and domain-specific cognition. This association may differ by sex.
Keywords: Cognitive trajectories, community-dwelling persons, late-life, midlife, physical activity
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Physical activity is a modifiable lifestyle factor that
is associated with a decreased risk of mild cognitive impairment (MCI) or dementia [1–4], and may
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delay or slow cognitive decline in old age [5–10].
However, observational studies have reported conflicting findings [11]. Research has also shown that
physical activity interventions may be associated with
better performance across various cognitive domains,
including in participants with MCI [12] whereas other
trials could not establish an effect of a physical activity intervention on cognition in older adults with
cognitive impairment [13].
Furthermore, the association between physical activity and cognitive function may differ by sex
[14–16], and it has been proposed that females may
experience greater cognitive benefits [17]. It has also
been postulated that this association may be dependent on Apolipoprotein E (APOE) 4 carrier status
[1, 18–21], which is a major genetic risk factor for
late-onset Alzheimer’s disease (AD) [22, 23]. However, it is not clear yet whether APOE 4 carriers or
non-carriers show greater cognitive benefits [17, 24].
In addition, there is a scarcity of longitudinal observational studies investigating the association between
physical activity and cognitive function in the elderly
stratified by sex or APOE 4 carrier status, while also
particularly paying attention to the timing of physical
activity engagement [17].
Therefore, the aim of the current study was to
examine whether physical activity performed in
midlife or late-life is associated with longitudinal
change in memory function, language, visuospatial
skills, attention, and global cognition. In addition, we
also explored whether this association may differ by
sex or APOE 4 carrier status. We hypothesized that
physical activity, particularly of moderate and vigorous intensity, would be associated with less decline
in cognitive function over time, and that this association may differ by APOE 4 carrier status and may
be more pronounced in females.
MATERIALS AND METHODS
Study sample and design
This study was derived from the ongoing, population-based Mayo Clinic Study of Aging (MCSA)
in Olmsted County, MN [25]. We included 2,060
cognitively unimpaired individuals, both sexes, aged
≥70 years with available self-reported information on
physical activity at baseline and serial cognitive data
(i.e., at least one follow-up visit) from repeated neuropsychological testing. Data were collected between
2006–2018, with neuropsychological testing every 15
months on average. The MCSA protocols have been

approved by the institutional review boards (IRB)
of the Mayo Clinic and Olmsted Medical Center
in Rochester, MN. All participants provided written
informed consent.
Neurocognitive evaluation
Participants underwent a face-to-face evaluation
including a neurological examination, a study coordinator visit, and neuropsychological testing [25].
Briefly, the neurological evaluation comprised a
neurological history review, administration of the
Short Test of Mental Status [26], and a neurological examination. The study coordinator visit included
the Clinical Dementia Rating Scale (CDR) [27].
Neuropsychological testing was administered by a
psychometrist in order to assess performance in four
cognitive domains: memory (delayed recall trials
from Auditory Verbal Learning Test [28], Wechsler Memory Scale-Revised [29], Logical Memory
and Visual Reproduction subtests); language (Boston
Naming Test [30], category fluency [31]); visuospatial skills (Wechsler Adult Intelligence Scale-Revised
[32], Picture Completion and Block Design subtests);
and attention/executive function (Trail-Making Test
Part B [33], Wechsler Adult Intelligence ScaleRevised [32], Digit Symbol Substitution subtest).
An expert consensus panel consisting of physicians,
study coordinators, and neuropsychologists reviewed
the results for each participant and determined
whether a participant was cognitively unimpaired
(CU) or had cognitive impairment. Individuals were
classified as CU based on normative data developed
in a different sample from this community [34–37].
MCI was determined based on the Mayo Clinic criteria for MCI [38, 39].
Measurement of physical activity (predictor
variable)
Physical activity was measured at baseline using
a self-reported questionnaire [40]. The questionnaire
was derived from two validated instruments, the 1985
National Health Interview Survey and the Minnesota
Heart Survey intensity codes [41, 42]. Participants
provided information on intensity and frequency of
physical activity at two time periods: 1) midlife,
between the ages of 50 and 65 years; and 2) latelife, within 1 year prior to cognitive assessment. The
questionnaire also distinguished between three intensity levels and provided examples of activities for
each level: 1) light physical activity such as leisurely
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walking or dancing; 2) moderate physical activity
such as hiking or swimming; and 3) vigorous physical
activity such as jogging or playing tennis. Participants were asked to provide information about the
frequency at which they carried out these activities:
≤1 time per month, 2-3 times per month, 1-2 times
per week, 3-4 times per week, 5-6 times per week, and
daily. Previous research has shown that the questionnaire has moderate to good internal consistency [40].
Neuropsychological test scores (outcome
variable)
Neuropsychological test scores were considered
as outcome variables. This study used continuous
measures of cognitive performance that were not agenormed, and calculated longitudinal z-scores relative
to the baseline scores by converting individual test
scores to z-scores. We then created domain-specific
z-scores by z-scoring the average of the test-specific
z-scores, and also created a global z-score by zscoring the average of the domain-specific z-scores.
The outcomes of interest for the linear mixed-effect
model analyses were the longitudinal cognitive zscored measures of memory, language, attention,
visuospatial skills, and global cognition.
Assessment of confounding variables
In addition to traditional confounders (i.e., age,
sex, and education), the study also adjusted the analyses for medical comorbidity as assessed through the
weighted Charlson Index [43], and APOE 4 genotype status which was determined using standard
methods [44].
Statistical analysis
For statistical analyses, we created the following
groupings for midlife and late-life physical activity separately: 1) non-active (reference group); 2)
only light intensity physical activity; 3) moderate
intensity physical activity (plus less intensity physical activity); 4) vigorous intensity physical activity
(plus less intensity physical activity). Participants
were considered active if they reported engaging in
the respective physical activity intensity at least 1-2
times per week (i.e., they were considered inactive if
they engaged 2-3 times per month or less). The analysis first compared baseline characteristics between
groups using ANOVA (for continuous outcomes such
as age; reported as mean and standard deviation, SD)
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and chi-square tests (for categorical outcomes such
as sex; reported as number and percentage). Linear
mixed-effect models were then calculated with random subject-specific intercepts and slopes for time to
examine whether midlife or late-life physical activity
were associated with the longitudinal cognitive end
points. The first set of models included both midlife
and late-life physical activity, level of physical activity (i.e., light, moderate and vigorous), time (in years
from baseline), and the two-way interaction between
these variables (time x physical activity). Associations between baseline physical activity (independent
variable) and cognitive trajectories (dependent variable) were adjusted for baseline age, sex, education,
medical comorbidity, APOE 4 genotype status, and
whether or not the participant had previously taken
the cognitive tests. In order to examine whether the
association between physical activity and cognitive
trajectories differs by sex or APOE 4 genotype
status, we also created models comprising two threeway interactions (time x physical activity x sex and
time x physical activity x APOE 4, respectively). As
three-way interactions are more difficult to interpret,
we created plots for visual display of data. To create the plots, except for the variables of interest, we
used the average values from baseline, i.e., all plots
are created for the “average” person in our data set.
This means that for age, we used the average age,
for Charlson comorbidity index we used the average
Charlson comorbidity index score, etc. Also, when
looking at the interaction with midlife physical activity, for example, late life physical activity was set as
moderate. In addition to the three-way interactions,
we also created plots for the two-way interactions.
Similarly, for the plots on midlife physical activity,
we assumed moderate late-late physical activity and
vice versa. The statistical analyses were conducted
using the conventional two-tailed alpha level of 0.05
and performed with SAS 9.4 (SAS Institute, Inc.,
Cary, NC).

RESULTS
Of 2,060 cognitively unimpaired persons at baseline, 1,040 (50.5%) were males and 546 (26.6%)
were APOE 4 carriers. With regard to midlife physical activity, 175 participants reported not engaging,
386 reported engaging only in light intensity physical
activity, 945 reported up to moderate intensity physical activity, and 554 reported up to vigorous intensity
physical activity. With regard to late-life physical
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Table 1
Demographics of the study sample at baseline
Midlife physical activity

Male sex, N (%)
Age (y)
Education (y)
APOE 4 carrier, N (%)
Charlson index
BMI (kg/m2 )
Follow-up time (y)
z-score memory
z-score language
z-score attention
z-score visuospatial
z-score global

None (N = 175)

Light (N = 386)

Moderate (N = 945)

Vigorous (N = 554)

Total (N = 2,060)

p

95 (54.3)
79.6 (6.0)
13.5 (2.9)
50 (28.7)1
3.6 (3.1)
28.7 (5.6)4
5.4 (2.7)
–0.12 (0.93)3
–0.15 (0.98)6
–0.20 (1.08)11
–0.00 (0.96)13
–0.13 (1.00)16

153 (39.6)
78.8 (5.4)
13.9 (2.7)
107 (27.8)1
3.7 (3.1)
28.5 (5.5)2
5.7 (2.8)
–0.00 (1.01)5
0.05 (1.06)20
–0.02 (0.96)24
–0.07 (1.01)25
–0.03 (1.03)33

418 (44.2)
78.8 (5.2)
14.2 (2.7)
250 (26.6)5
3.5 (3.2)
27.8 (4.9)8
5.8 (2.8)
0.07 (1.01)12
0.02 (1.00)33
0.06 (1.00)47
–0.00 (1.00)49
0.05 (1.00)66

374 (67.5)
78.4 (5.2)
14.7 (3.0)
139 (25.2)3
3.4 (3.0)
27.5 (4.4)4
6.1 (2.9)
–0.07 (1.00)10
–0.01 (0.97)14
–0.02 (0.99)12
0.05 (1.01)12
–0.02 (0.99)25

1040 (50.5)
78.8 (5.3)
14.2 (2.8)
546 (26.6)10
3.5 (3.1)
27.9 (5.0)18
5.8 (2.8)
0.00 (1.00)30
0.00 (1.00)73
0.00 (1.00)94
0.00 (1.00)99
0.00 (1.00)140

<0.012
0.061
<0.011
0.752
0.661
<0.011

None (N = 328)

Light (N = 616)

Moderate (N = 906)

Vigorous (N = 210)

Total (N = 2,060)

p

149 (45.4)
80.0 (5.8)
13.4 (2.6)
81 (24.8)2
4.3 (3.4)
29.8 (6.2)8
5.1 (2.7)
–0.04 (1.00)4
–0.11 (0.99)9
–0.27 (1.06)18
–0.10 (0.96)20
–0.17 (1.02)27

284 (46.1)
79.1 (5.2)
14.0 (2.7)
184 (30.0)3
3.8 (3.3)
28.3 (5.2)2
5.6 (2.9)
–0.01 (1.01)9
–0.01 (0.99)26
–0.09 (0.98)35
–0.03 (1.02)33
–0.04 (0.99)45

462 (51.0)
78.4 (5.2)
14.5 (2.8)
213 (23.6)5
3.2 (2.9)
27.3 (4.3)8
6.1 (2.8)
0.01 (0.99)12
0.04 (1.01)31
0.15 (0.97)35
0.05 (1.01)41
0.08 (0.99)58

145 (69.0)
77.3 (4.7)
14.7 (3.0)
68 (32.4)
3.3 (3.0)
26.9 (3.8)
6.2 (2.9)
0.03 (1.01)5
0.01 (1.00)7
0.03 (0.99)6
0.04 (0.94)5
0.03 (1.02)10

1040 (50.5)
78.8 (5.3)
14.2 (2.8)
546 (26.6)10
3.5 (3.1)
27.9 (5.0)18
5.8 (2.8)
0.00 (1.00)30
0.00 (1.00)73
0.00 (1.00) 94
0.00 (1.00)99
0.00 (1.00)140

<0.012
<0.011
<0.011
<0.012
<0.011
<0.011

Late-life physical activity
Male sex, N (%)
Age (y)
Education (y)
APOE 4 carrier, N (%)
Charlson index
BMI (kg/m2 )
Follow-up time (y)
z-score memory
z-score language
z-score attention
z-score visuospatial
z-score global

Data presented are mean (standard deviation) unless otherwise noted. None, non-active; Light, only light intensity physical activity at least
1-2 times/week; Moderate, moderate plus less intensity physical activity at least 1-2 times/week; Vigorous, vigorous plus less intensity
physical activity at least 1-2 times/week; BMI, body mass index. p-values derived from 1 ANOVA, 2 Chi Square test; N Number of participants
with missing data.

activity, 328 reported not engaging, 616 reported
engaging only in light intensity physical activity, 906
reported up to moderate intensity, and 210 reported up
to vigorous intensity physical activity. Mean followup time was 5.8 years, with a standard deviation (SD)
of 2.8 years (Table 1). During follow-up, 451 participants progressed to MCI and 73 progressed to
dementia.
As indicated by negative estimates for time
(Table 2), cognitive function declined over time.
Significant main effects, indicating the relationship
between physical activity and cognitive function at
baseline, were found for late-life moderate intensity physical activity and decreased memory as well
as increased attention performance. Participants that
reported engaging in light intensity physical activity
in midlife had less decline in memory function over
time compared to the reference group (i.e., no midlife
physical activity; estimate [standard error] 0.047
[0.016], p = 0.004), adjusting also for baseline age,
sex, education, late-life physical activity, medical

comorbidity, APOE 4 genotype status, and whether
or not the administration of the cognitive tests was the
first time ever. In addition, vigorous intensity physical
activity in late-life was associated with less decline
over time in language (0.033 [0.015], p = 0.030),
attention (0.032 [0.017], p = 0.050), and global cognitive function (0.039 [0.016], p = 0.012; Table 2). For
visual display of results, please refer to Figs. 1 (for
midlife physical activity) and 2 (for late-life physical
activity).
In models with sex interactions, we observed
significant three-way interactions (time x physical
activity x sex) for light intensity physical activity in
midlife with language (–0.071 [0.030], p = 0.020),
visuospatial function (–0.056 [0.023], p = 0.015),
attention (–0.075 [0.033], p = 0.024), and global
cognitive function (–0.095 [0.031], p = 0.002). In
addition, there was a significant interaction for vigorous intensity physical activity in midlife and global
cognition (–0.070 [0.029], p = 0.017). In visual display of data using regression plots, it can be observed

Linear mixed-effects models, including both midlife and late-life physical activity, and adjusted for baseline age, sex, education, medical comorbidity, APOE 4 genotype status, and whether or
not the administration of the cognitive tests was the first time ever. T, time; Light/Moderate/Vigorous, light/moderate/vigorous intensity physical activity;×, indicates interaction.

0.941
0.898
0.632
0.447
0.264
0.012
0.005 (0.064)
–0.008 (0.063)
–0.041 (0.086)
–0.009 (0.012)
0.013 (0.012)
0.039 (0.016)
0.168
0.001
0.155
0.473
0.092
0.050
0.088 (0.064)
0.217 (0.063)
0.123 (0.086)
–0.009 (0.013)
0.021 (0.012)
0.032 (0.017)
–0.029 (0.064)
–0.040 (0.062)
–0.132 (0.086)
–0.002 (0.009)
0.007 (0.009)
0.020 (0.011)
0.509
0.094
0.221
0.295
0.872
0.030
0.376
0.030
0.442
0.389
0.430
0.100
–0.059 (0.066)
–0.142 (0.065)
–0.070 (0.091)
–0.011 (0.013)
0.010 (0.012)
0.027 (0.016)

–0.042 (0.064)
–0.106 (0.063)
–0.107 (0.087)
–0.012 (0.012)
0.002 (0.011)
0.033 (0.015)

0.469
0.062
0.663
0.004
0.128
0.080
0.064 (0.088)
0.152 (0.082)
0.038 (0.087)
0.047 (0.016)
0.023 (0.015)
0.028 (0.016)

0.123 (0.085)
0.089 (0.079)
0.036 (0.085)
0.016 (0.015)
0.007 (0.014)
0.006 (0.015)

–0.094 (0.084)
–0.033 (0.078)
–0.114 (0.083)
0.014 (0.012)
0.014 (0.011)
0.009 (0.011)

0.644
0.524
0.124
0.819
0.400
0.088

0.986
0.427
0.641
0.079
0.180
0.241
–0.002 (0.084)
0.062 (0.078)
–0.039 (0.084)
0.027 (0.016)
0.019 (0.015)
0.018 (0.015)
0.714
0.253
0.824
0.806
0.872
0.895
0.031 (0.084)
0.089 (0.078)
0.019 (0.084)
0.004 (0.017)
–0.003 (0.016)
–0.002 (0.017)

p

0.148
0.261
0.668
0.305
0.616
0.700

0.264
0.675
0.173
0.228
0.204
0.424

–0.131 (0.014)
<0.001
–0.138 (0.015)
–0.052 (0.011)
<0.001

T
Midlife
Light
Moderate
Vigorous
T x light
T x moderate
T x vigorous
Late-life
Light
Moderate
Vigorous
T x light
T x moderate
T x vigorous

–0.091 (0.015)

–0.091 (0.014)

<0.001

<0.001

Global
Est. (SE)
p
Attention
Est. (SE)
p
Visuospatial
Est. (SE)
p
Language
Est. (SE)
p
Memory
Est. (SE)

Table 2
Association between physical activity and longitudinal cognitive change in z-score per year

<0.001
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that females who do not engage in midlife physical
activity as compared to females who are physically
active in midlife and males regardless of physical activity, experience stronger decline in language
(time x midlife physical activity interactions: light
intensity: 0.056 [0.022], p = 0.012; moderate intensity: 0.032 [0.021], p = 0.131; vigorous intensity:
0.029 [0.023], p = 0.211), visuospatial skills (time x
midlife physical activity interactions: light intensity:
0.044 [0.017], p = 0.009; moderate intensity: 0.032
[0.016], p = 0.045; vigorous intensity: 0.034 [0.017],
p = 0.053), attention (time x midlife physical activity
interactions: light intensity: 0.047 [0.024], p = 0.049;
moderate intensity: 0.031 [0.023], p = 0.176; vigorous intensity: 0.027 [0.025], p = 0.279) and global
cognitive function (time x midlife physical activity
interactions: light intensity: 0.079 [0.022], p < 0.001;
moderate intensity: 0.053 [0.021], p = 0.011; vigorous intensity: 0.056 [0.023], p = 0.014) (Fig. 3;
coefficients reported are for the comparison of
females who do and do not engage in midlife physical
activity).
There were no significant three-way interactions
for time x late-life physical activity x sex (data not
shown). Similarly, there were no significant threeway interactions with APOE 4 genotype status (time
x physical activity x APOE 4; data not shown).

DISCUSSION
Engaging in physical activity was associated with
less pronounced decline in various cognitive domains
and global cognition. This was particularly notable
for late-life vigorous intensity physical activity which
was associated with less decline in language, attention and global cognition. We chose to report models
that included both midlife and late-life physical activity as physical activity habits in midlife may impact
those in late-life and vice versa. However, when we
ran the two-way models (time x physical activity)
separately for midlife and late-life, we observed even
more significant associations. For midlife, engaging in light intensity physical activity was associated
with less decline in memory function over time, and
engaging in vigorous intensity physical activity was
associated with less decline in memory and global
function over time (data not shown). Similarly, engaging in late-life physical activity at vigorous intensity
was associated with less decline in memory, language, attention and global cognition over time (data
not shown).
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Fig. 1. Visual display of two-way interactions between time and physical activity in midlife. Models are taking into account late-life physical
activity and are adjusted for baseline age, education, medical comorbidities, APOE 4 genotype status, and whether or not the administration
of the cognitive tests was the first time ever.

Furthermore, with regard to a potential sex-dependent effect, we observed that females who did
not engage in midlife physical activity had significantly stronger decline in cognitive function over
time as compared to other groups. These results are
in line with previous research that found effects of
long-term physical activity on cognitive decline in

women but not in men [14, 45]. Nevertheless, studies
also reported that the associations between physical
activity and cognitive performance were more pronounced among males [3, 15]. Therefore, the
potential impact of sex on the associations of midlife
or late-life physical activity with cognitive function
still remains unclear [9, 46]. Possible explanations
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Fig. 2. Visual display of two-way interactions between time and physical activity in late-life. Models are taking into account midlife physical
activity and are adjusted for baseline age, education, medical comorbidities, APOE 4 genotype status, and whether or not the administration
of the cognitive tests was the first time ever.

for differences between males and females might be
different physical activity patterns in men and women
[9] or women may experience aging related decline
in certain hormones [10].
In addition, the sex-specific three-way interactions
observed between midlife physical activity and lan-

guage, visuospatial function, attention and global
cognition were only significant for light intensity but
not moderate or vigorous intensity physical activity
(except for vigorous intensity physical activity and
global cognition). These findings may argue against
a dose-response effect of physical activity. Previous
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Fig. 3. Visual display of three-way interactions between time, physical activity in midlife and sex. Models are taking into account late-life
physical activity and are adjusted for baseline age, education, medical comorbidities, APOE 4 genotype status, and whether or not the
administration of the cognitive tests was the first time ever.

work has yielded mixed results on a potential doseresponse relationship between physical activity and
cognitive function in older adults [47, 48]. Also, we
only observed sex-specific interactions for midlife
but not late-life physical activity, indicating that
engagement in physical activity in midlife but not

late-life may be associated with cognitive trajectories when taking into account biological sex. In line
with this, Canadian researchers recently hypothesized that midlife is a critical time window to promote
brain health and potentially prevent or delay dementia through physical activity engagement; and that

J. Krell-Roesch et al. / Physical Activity and Cognitive Trajectories

this may be particularly true for females who experience various hormonal and neuroendocrine changes
related to menopause during midlife and may thus
exit this period of the lifespan at greater risk for cognitive impairment [17]. This is also supported by our
observation that females who were physically inactive in midlife experienced greater cognitive decline;
and more research is needed to explore this potential
sex-specific effect on the association between physical activity engagement and cognitive trajectories
during different times of the adult lifespan.
Interestingly, we did not observe any significant
effects in regression models including time x physical activity x APOE 4 interactions, indicating that
the association between physical activity and less
decline in cognitive function may not differ by APOE
4 genotype status. Previous research has provided
preliminary evidence that the association between
physical activity and cognitive decline may differ between APOE 4 carriers and non-carriers [1,
18–21]. Thus, more research, particularly using longitudinal study designs is needed to clarify these
conflicting findings.
We did not investigate mechanisms of action that
may mediate a beneficial impact of physical activity on less decline in cognitive function in older
adults. However, based on the literature we would
like to propose biologically plausible explanations.
For example, it has been postulated that reduced
levels of brain-derived neurotrophic factor (BDNF),
insulin-like growth factor-I (IGF-I), and vascular
endothelial growth factor (VEGF) can be indicators
for early cognitive decline; in turn, physical activity is
known to increase some of these trophic factors [49],
thereby leading to increased cell growth and neuronal function [50]. Some studies have shown that the
relationship between physical activity and cognition
might be mediated by BDNF depending on Val/Met
carrier status [51], and that these associations may
additionally be modified by sex [52]. Another potential explanation for an association between physical
activity and less decline in cognitive function may
be that engaging in physical activity is a marker for
a healthy lifestyle in general, i.e., persons that are
physically active on a regular basis may show the
same type of discipline with regard to other health
promoting behaviors such as following a healthy
diet or having regular medical check-ups. Of note,
it is also possible that reverse causality may account
for our findings, i.e., persons who are in the incipient stages of cognitive impairment and are likely to
experience future cognitive decline, may engage in
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physical activity to a lesser extent than participants
who are not in incipient stages of cognitive impairment and may thus experience no or only very subtle
decline in cognitive function over time. This may
particularly account for our observations on late-life
physical activity and its associations with cognitive
trajectories.
The strengths of our current investigation are the
population-based, longitudinal study design, available information about APOE 4 carrier status of
participants and a rigorous assessment of cognitive
change over time using repeated, validated neuropsychological testing. Limitations pertain to the
observational nature of our study, i.e., we cannot
draw any conclusion about the cause-effect relationship between the presumed predictor (physical
activity) and the outcome of interest (change in cognitive function over time). Another major limitation
is the assessment of engagement in physical activity through a self-reported questionnaire which may
be prone to recall bias, particularly with regard to
physical activity carried out in midlife. Also, the
questionnaire did not take into account potential seasonal effects or duration of physical activities; and we
were also not able to compare effects between different types of activities that may have additional effects
on cognitive function (i.e., tennis or dancing that have
a social interaction component). However, the questionnaire was derived from two validated instruments,
has shown moderate to good internal consistency,
and test-retest correlation coefficients range between
0.33 for vigorous intensity activity and 0.50 for moderate intensity activity [40]. Furthermore, we were
interested not only in late-life but also midlife engagement in physical activity in our study participants,
and this information could only be captured by a
self-reported questionnaire. It must be noted though
that validated tools to objectively measure physical
activity such as accelerometers are now available and
are frequently used in cross-sectional studies investigating the relationship between physical activity and
cognition [53–55]. As of today, only few longitudinal
studies have been published that used these devices
in the context of cognitive aging [56], even though
the use of accelerometers may yield more detailed
information about physical activity and its longitudinal association with cognitive function. In addition,
based on the classification of physically active persons in this analysis, 945 participants (46%) reported
up to moderate intensity midlife physical activity, and
554 (27%) reported up to vigorous intensity midlife
physical activity. With regard to late-life physical
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activity, 906 (44%) reported up to moderate intensity,
and 210 (10%) reported up to vigorous intensity physical activity. These may be higher rates compared to
published statistics or previous publications, and may
impact generalizability of study findings. Finally, we
did not examine how changes in physical activity
behavior may be related to cognitive decline. As evident from Table 1, participants are less physically
active in late-life as compared to midlife. Also, participants with higher levels of physical activity may
be more prone to a decline in physical activity level
over time. Future research should focus on whether
these people initially have a higher cognitive level, but
experience a stronger cognitive decline due to aging
and reduction in physical activity level. It would also
be important to examine other novel types of physical
activity such as whole body vibration training which
has shown promising preliminary effects on various
outcomes in older adults with cognitive impairment
[57, 58].
In conclusion, our study demonstrates a potentially
beneficial effect of physical activity on more preserved cognitive function over time. More research
is needed to examine the longitudinal associations
between physical activity and cognitive function in
older adults.
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