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ABSTRACT

Objective: Studies show physical activity to be beneficial for cognitive function. However,
studies usually included individuals who were not particularly inclined to exercise. Following
research among master athletes, we examined associations between physical activity and
cognitive function in participants of the International Nijmegen Four Days Marches. These
individuals are also inclined to exercise. On 4 consecutive days > 40,000 participants walk a
daily distance of 30-50 km on (120-200 km or 75-125 miles in total).

Method: Four Days Marches participants and less active or inactive control participants from
the Nijmegen Exercise Study were examined. Self-reported current and lifelong physical
activities were quantified in Metabolic Equivalent of Task minutes/day and training walking
speed was estimated in km/h. Cognitive functioning in the domains of working memory,
executive function, and visuospatial short-term memory was assessed using the validated
Brain Aging Monitor.

Results: Data from 521 participants (mean age 54.7, standard deviation 12.9) showed neither
positive associations between lifelong physical activity and working memory, executive
function, and visuospatial short-term memory nor positive associations between current
physical activity and cognitive functioning in these domains (P-values > 0.05). However, a
positive association between training walking speed and working memory was revealed (age
adjusted Beta = 0.18, P-value < 0.01).

Conclusion: Walking speed but not lifelong and current physical activity levels were
associated with cognitive function. Therefore, walking speed deserves more attention in

research aimed at unravelling associations between physical activity and cognitive function.



INTRODUCTION

A growing body of animal and human studies suggests that physical activity like-cognitive-or
brainreserve“has a positive effect on the brain and on cognitive function (1). Animal studies
showed that physical activity increased proliferation and survival of neurons in the dentate
gyrus of the adult mouse hippocampus (1). Studies conducted in older humans showed
physical activity to be associated with increased grey and white matter of the prefrontal and
temporal cortices (2), a reduced likelihood of cortical atrophy (3), as well as biomarkers of
Alzheimer's disease in cognitively normal older adults (4). Furthermore, a randomised
controlled trial demonstrated that a home-based intervention programme of self-chosen
physical activity, improved cognitive function, but the effect was rather small (5). Finally, a
recent comprehensive review suggested that approximately one third of the cases of
Alzheimer’s disease worldwide might be attributable to potentially modifiable risk factors
including physical inactivity (6).

Many of the hitherto conducted studies that examined the relationship between
physical activity patterns and cognitive function, included individuals who were not
particularly inclined to exercise extensively. Usually, these were people from the general
older population. Previously, many older people were shown not to exercise frequently owing
to a variety of reasons (7). This underlines the importance of complementary research among
individuals who are highly motivated to being physically active, both extensively and over a
longer period of time. Previously, several of such studies have been conducted. These studies
examined veteran athletes’ hippocampal blood flow (8) and cognitive function (9).

The present study aimed to expand on these previous findings from individuals who
were inclined to exercise. We therefore set out to investigate associations of physical activity

patterns with cognitive function among (senior) participants of the International Nijmegen



Four Days Marches and among physically inactive or less active controls (i.e. friends and
relatives). The Nijmegen Four Days Marches (http://4daagse.nl/en/) are the largest walking
event worldwide. Every year in July, > 40,000 civilian participants from 70 nationalities
together with conscripts from the UK, the US, and several European countries, walk a daily
distance of 30, 40 or 50 km on four consecutive days (thus 120-200 km or 75-125 miles in
total). Approximately 15,000 senior people aged 60 years and older participate in this long
distance walking event. Many of them have participated more than once and walk hundreds of
miles all year round in preparation of the upcoming Nijmegen Four Days Marches. Thus
many (senior) participants of the Nijmegen Four Days Marches are habitual exercisers who
are inclined to do prolonged aerobic walking exercises.

Specifically, we examined associations of current and lifelong physical activity as
well as walking speed with cognitive function. We examined both current and lifelong
physical activity because lifelong physical activity might exert stronger effects on cognitive
function than short term physical exercise (10). Furthermore, we also examined wakking
speed-becauserelatively-less-attention-has-been-paid-te the association between walking speed
and cognitive function. Walking speed may be both directly and indirectly linked to cognitive
function in later life through the health of the brain itself and that of various other organs er
which-the-brain-rehlies. Previous studies reported walking speed to be predictive of survival
(11), as well as larger left prefrontal regions of the brain (12). and to be indicative of fitness of
multiple organs and the brain, e.g. better pulmonary function and greater muscle strength (13)
(12).

We predicted a stronger association between lifelong physical activity and cognitive
function than between current physical activity and cognitive function. Furthermore, we

predicted a positive association between walking speed and cognitive function.



METHODS

The Nijmegen Exercise Study

The Nijmegen Exercise Study (NES) is a cohort study. Its primary aim is to examine the
effects of physical activity on health and disease characteristics (14). For that goal, it enrols
participants of the International Nijmegen Four Days Marches. To obtain a sufficient number
of physically less active and inactive control participants, relatives and friends who did not
participate in the Nijmegen Four Days Marches were also approached to participate. Between
15 June and 1 September 2014, NES study participants were invited to fill out an online
questionnaire to assess demographic characteristics, physical activity parameters and relevant
covariates (see section below entitled “Covariates™) directly followed by an invitation to
perform the online puzzle games of the Brain Aging Monitor - Cognitive Assessment
(BAMCOG) (15, 16). The BAMCOG was previously shown to have convergent validity with
widely used neuropsychological tests (see section below entitled “Cognitive Function”). For
the present analysis, we excluded NES study participants who had a history of stroke or
transient ischemic attack, central nervous system disorders or disorders that might
compromise cognitive function (multiple sclerosis, meningioma, dyspraxia, ADHD, or
Parkinson's disease), vision problems (glaucoma or macular degeneration), or >3 units of
alcohol consumption per day, as all of these conditions might interfere with BAMCOG
performance, as well as participants whose questionnaires were incompletely filled out. The

study was conducted in accordance with the Declaration of Helsinki. The Committee on



Research Involving Human Participants (CMO) of the region Arnhem and Nijmegen, the

Netherlands, approved the study. All participants provided informed consent.

Physical activity parameters

We assessed NES study participants’ current physical activity levels ir-the-past-menth using
the Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH). The
SQUASH was previously shown to be substantially correlated with objective measures of
physical activity (17). Using the SQUASH, we assessed the minutes per day of walking,
cycling, carrying out household chores, gardening, doing odd jobs and sports activities (17).
Based on Ainsworth’s Compendium of Physical Activities (18), we then assigned Metabolic
Equivalent of Task (MET) values to these specific activities as measured with the SQUASH.
Subsequently, MET minutes per day were calculated by multiplying the minutes of current
physical activity with the accompanying MET values.

Furthermore, we also assessed NES study participants' lifelong physical activity levels
for four different age phases: 18-29 years, 30-49 years, 50-64 years, and >65 years of age
(19). For these lifelong physical activity, participants were asked to rate the intensity of these
activities on a 3-point scale (low, moderate, or high). Subsequently, we assigned MET values
of 2.5 METSs for activities with low perceived intensity, 4.5 METSs for activities with moderate
perceived intensity, and 8.5 METSs for activities with high perceived intensity. MET minutes
per day were then also calculated for lifelong physical activity by multiplying the minutes of
physical activity with accompanying MET values. Thus, it was ensured that a NES study
participant who engaged in various sports activities on a highly regular basis, but who did not
participate in the Four Days Marches could receive approximately the same grading in terms
of an active lifestyle as a NES study participant who actually participated in the Four Days

Marches and who walked all year round.



Finally, we asked Nijmegen Four Days Marches participants to rate their average training
walking speed during their walks in preparation for the Nijmegen Four Days Marches in
km/h. A substantial correlation was observed between self-rated training walking speed and
average walking speed in km/h during the Four Days Marches as inferred from starting and

finishing times in a side study of the NES study (N =78, r =0.58, P < 0.01).

Cognitive Function

Cognitive function was assessed using the Brain Aging Monitor - Cognitive Assessment
(BAMCOG), which consists of online puzzle games that assess the performance in three
cognitive domains: working memory, executive function, and visuospatial short-term memory
(15, 16). Previously, the BAMCOG was shown to have convergent validity with
neuropsychological tests (Table 1 provides an overview of the puzzle games and associations
with specific neuropsychological tests). Every game had successive levels of increasing
difficulty and each level consisted of three trials. Advancing to the next level required
successful completion of at least two of the three trials in the current level. In each game,
cognitive function was measured as the highest level that a participant had attained. Prior to
commencement of each game, participants were given concise instructions followed by a

practice trial in order to familiarise them with the game.

Covariates
Demographic covariates were assessed including sex, age, and educational level (low to
intermediate vs. high). Furthermore, we assessed Body Mass Index (BMI), hours per day of

“cognitive stimulating activities” (i.e. reading newspapers and magazines, making brain



teasers, and watching informative television programs), smoking status (never, ever, or yes

current smoker), number of units of alcohol consumed per day, and hours of sleep per day.

Statistical Analyses

Demographic and background characteristics of the NES study participants were summarised
using descriptive statistics. Spearman’s correlation coefficients were calculated between
performance in the cognitive domains as measured with the BAMCOG puzzle games and
demographic and background characteristics. Differences between participants with ‘low'
'moderate’ and 'high’ tertiles of current and lifelong physical exercise on demographic and
background characteristics were examined with y2-analysis and ANOVA. Associations
between self-reported training walking speed and demographic and background
characteristics were examined with Pearson’s correlations.

Associations between performance in the cognitive domains (dependent variables) and
current and lifelong physical exercise as well as training walking speed (independent
variables) were examined with multiple linear regression analysis and standardized regression
coefficients (Betas) were calculated. To take the possibility into account that there might be
non-linear associations between physical activity and cognitive function, MET minutes of
current and lifelong physical activity were classified into tertiles (current physical activity:
'low' < 17 MET minutes, 'moderate' = 18-40 MET minutes and 'high' > 41 MET minutes;
lifelong physical activity: 'low' < 90 MET minutes, 'moderate' = 91-206 MET minutes and
'high' = > 207 MET minutes). Tertiles of MET minutes of current and lifelong physical
activity were represented by dummy variables. Self-reported training walking speed was
classified into ordinal categories ('low' < 5.1 km/h, 'moderate' = 5.2-5.7 km/h, and 'high' > 5.8
km/h). Regression models were adjusted for the above described covariates if they were

associated with cognitive function or with the physical activity parameters at the bivariate



level (P-values < 0.05), but were only retained in final multivariate models if they remained
significant. To control for the false positive rate, the interpretation of P-values of individual
independent variables was guided by inspecting the P-values of the overall ANOVA F-test of
each regression model.

In line with previous studies in which associations between physical activity and
cognitive function were examined in later life, the analyses were then repeated for senior NES
study participants aged > 60. Furthermore, two sensitivity analyses were conducted. First, as
diabetes mellitus was previously found to be associated with worse cognitive function (20),
the above analyses were repeated without NES study participants who reported to have been
diagnosed with type 2 diabetes. Second, because depression was also found to be associated
with worse cognitive function (21), we also repeated the above analyses without NES study
participants who reported to suffer from depression. In the final models, findings were
considered statistically significant if associated P-values were < 0.05. All statistical analyses
were performed with SPSS (IBM Corp. Released 2011. IBM SPSS Statistics for Windows,

Armonk, NY: IBM Corp).



RESULTS

Study population

There were 4221 NES study participants of whom 619 had cognitive data collected with the
online puzzle games of the BAMCOG. After excluding 98 participants, data were available
for a total of 521 eligible participants of whom 209 were > 60 years (Figure 1). Participants
who were included in the present analysis were slightly younger than NES study participants
who had no BAMCOG data or who were excluded: Mean age = 54.7, Standard Deviation =
12.9 vs. Mean age = 57.5, Standard Deviation = 13.0, independent t-test: t (df 4219) = -4.66,
P < 0.01). Percentage of women was not different between the two groups (48.8% vs. 45.4%,
¥? (df 1) = 2.13, P = 0.145). Among the included participants, the number of women and men
was comparable and there was ample spread in NES study participants' demographic and
background characteristics (Table 2). Of the NES study participants, 121 (23%) had never
participated in the Four Days Marches, 141 (27%) had 1-3 times participated, 108 (21%) 4-7

times, 93 (18%) 8-15 times, and 58 (11%) > 16 times.

Cognitive performance

The median performance on the BAMCOG puzzle games was 5 (interquartile range 4-7) for
the game measuring working memory, 2 (interquartile range 1-3) for the game measuring
executive function (planning), and 2 (interquartile range 1-3) for the game measuring
visuospatial short-term memory. Performance on the BAMCOG puzzle games was found to
have a negative association with age. Educational level was positively associated with
working memory and visuospatial short-term memory. BMI was negatively associated with
working memory and so was alcohol consumption. Female sex was associated with better

visuospatial short-term memory, whereas smoking status and cognitive stimulating activities
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were negatively associated with executive function and visuospatial short-term memory. No

associations were observed between sleep and cognitive function (see Table 3).

Physical Activity

Tertiles of 'low' 'moderate’ and 'high’ current physical activity reflected median METmins/day
of 11 (interquartile range 7-14), 25 (interquartile range 20-33) and 85 (interquartile range 54-
137). Tertiles of 'low' 'moderate’ and 'high' levels of lifelong physical activity reflected median
METmins/day of 39 (interquartile range 10-65), 143 (interquartile range 116-172), and 320
(interquartile range 246-428). Tertiles of current physical activity were significantly different
with regard to higher educational level (low: 62%, moderate: 50%, and high: 39%, ¥ (df 2) =
19.3, P <.001), hours of sleep per day (low: Mean = 7.0, Standard Deviation = 0.78;
moderate: Mean = 7.3, Standard Deviation = 0.77 and high: Mean = 7.1, Standard Deviation
=0.83, F [df 2,518] = 4.86, P =.008), and BMI (low: Mean = 25.7, Standard Deviation = 3.8;
moderate: Mean = 24.9, Standard Deviation = 3.9; high: Mean = 24.7, Standard Deviation
3.1, F [2,518] =3.91, P =0.02). Tertiles of lifelong physical exercise were significantly
different with regard to BMI (low: Mean = 25.0, Standard Deviation = 3.8; moderate: Mean =
25.7, Standard Deviation = 3.6; high: Mean = 24.7, Standard Deviation = 3.3, F [df 2, 518] =
3.28, P =.039). Self-reported training walking speed was negatively associated with age (r = -
0.19, P <0.001), sleep per day (r =-0.14, P = 0.004), BMI (r =-0.12, P = 0.017), and female
sex (r =-0.15, P = 0.003) with current physical activity (r = 0.12, P = 0.016) and with lifelong

physical exercise (r = 0.15, P = 0.004).

Associations between physical activity and cognitive function

When-studying-al-participants-n Regression analyses adjusted for confounding variables,

(Table 4) demonstrated that neither current nor lifelong physical activity were positively

11



associated with cognitive function. By contrast, training walking speed was found to be
associated with working memory also after controlling for age (Beta =0.18, P = 0.004, N =
249). The magnitude of the association between training walking speed and working memory
was in between that of the association of working memory with age (Beta = -0.23, P = 0.000),
and that of the association of working memory with educational level (Beta = 0.15, P =
0.006). Similar results were obtained when restricting the analyses to participants aged > 60
years. Sensitivity analyses in which participants with type 2 diabetes (N = 16) and depression

(N = 34) were excluded, did not substantially alter the findings.
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DISCUSSION

Contrary to our predictions, we did not find associations of lifelong and current physical
activity with cognitive function in this sample of Four Days Marches participants of whom
many were inclined to exercise extensively.

There are several possible explanations why we did not find associations between
extent of physical activity and cognitive function. First, a restriction of range in levels of
physical activity in the sense that there were only active participants was unlikely. The lowest
tertiles of current and lifelong physical activity seemed to reflect lower activity levels.
Theoretically, the absence of associations of lifelong and current physical activity with
cognitive function could also have been caused by a limited sample size and associated
suboptimal statistical power. Yet, our sample had sufficient power to detect a medium effect
size in a regression analysis with eight predictors (22). Moreover, our findings did not change
when we restricted the analysis to individuals > 60 years or after excluding participants with
depression or type 2 diabetes in sensitivity analyses. In sum, we believe that the absence of
associations was a robust finding.

Although we did not prove a direct association of lifelong and current physical activity
with cognitive function, it is possible that physical exercise exerted an indirect effect. Our
findings provided some support for this notion. On the one hand, better performance on the
working memory task was associated with a lower BMI. On the other hand, a lower BMI was
associated with higher levels of physical activity. Clearly, more research is needed to examine
potential indirect positive effects of physical activity on cognitive function through
improvement of multiple physical fitness parameters. The associations of alcohol
consumption with working memory, and of smoking status with executive function and

visuospatial short-term memory suggest yet another possibility. Perhaps physical activity

13



would only exert beneficial effects on cognitive function in individuals who did not smoke or
who consumed only limited amounts of alcohol. Clearly, more foHew-up research in this
group of individuals is therefore warranted.

At the same time, our findings demonstrated a positive association between faster self-
reported training walking speed during walks in preparation for the Nijmegen Four Days
Marches and better working memory. This finding is consistent with positive associations
between training walking speed and cognitive function that were previously found among
individuals who were older than the participants of this study and who were also not
particularly inclined to exercise extensively (23, 24). The finding is also consistent with a
range of positive associations of walking speed with survival (11), better pulmonary function
and greater muscle strength (13), as well as larger left prefrontal regions of the brain (12).
Together, all these findings are in support of the notion that walking speed may be both
directly linked to cognitive function in later life through the health of the brain itself and also
indirectly linked through the health of other organs-en-which-the-brain-relies. The present
association between faster training walking speed during preparation for the Nijmegen Four
Days Marches and better working memory was also consistent with our own previous
preliminary findings from a pilot study. In a small sample of seventy older Nijmegen Four
Days Marches participants aged > 60 years, we found a positive association between training
walking speed during participation in the Nijmegen Four Days Marches and performance on
the Cognitive Impairment Test (CIT) (25), which is a validated measure of global cognitive
function (26). The presently found association between faster training walking speed during
preparation for the Nijmegen Four Days Marches and better working memory was also
relevant. It was almost as strong as the association between age and working memory.
Furthermore, the association was as strong as the association between education and working

memory. Education has been shown to exert a positive effect on cognitive function that is
14



consistent with the ‘cognitive or brain reserve' hypothesis (27, 28). However, at the same time,
more research should be conducted to know if walking speed is associated with better

functioning in specific cognitive domains such as working memory as was found in the

present study as opposed to global cognitive function or other specific cognitive functions.

A number of methodological issues should be addressed. Our study was limited by its
cross-sectional design. This leaves the question unanswered whether in our sample, training
walking speed affected the trajectory of cognitive decline (differential preservation), whether
it was associated with enhanced baseline cognitive ability (preserved differentiation) (30), or
whether bidirectional effects were at play (23). Assessment of lifelong and current physical

activity and training walking speed through self-report could have been distorted by recall and

15



reporting bias in participants as acknowledged by several researchers (4, 31). However, the
SQUASH questionnaire was previously shown to be substantially correlated with objective
measures of physical activity (17). Furthermore, self-rated training walking speed was also

correlated with walking speed during the Four Days Marches as inferred from starting and

finishing times that were available for a subsample of participants. Although+recal-biasmay

and-training-walking-speed- Selection bias may have occurred in the sense that participants

with BAMCOG data were somewhat younger than those without these data. However,

although it is true that cognitive decline often manifests itself with progressing age, our
subgroup analysis of individuals of > 60 years did not change the outcomes. We had only
cognitive test data available and neuro-imaging data and physical fitness parameters were not
collected. Studying the brains and physical fitness of in particular senior Nijmegen Four Days
Marches participants could therefore be valuable. Altogether, a longitudinal follow-up study
of participants of the Nijmegen Four Days Marches or other people who are inclined to
exercise, that also encompasses objective measures of physical activity and fitness as well as
and imaging of the brain would be worthwhile to pursue.

Taken together, we conclude that not the amount of current and lifelong physical
activity, but rather walking speed seems to be associated with better working memory.
Walking speed therefore deserves more attention in research aimed at unravelling associations

between physical activity and cognitive function.
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Table 1. Overview of the Brain Aging Monitor - Cognitive Assessment Battery (BAMCOG) Online Puzzle Games

Game

Levels

Description

Associated Cognitive
Domains

Convergent validity with
neuropsychological tests*

The Lost
Artefacts

Temple of
Wisdom

Nebo’s
Amulet

Participants are shown a personal list of
gems and relics and a waterway. After 1
second, different gems and relics start
floating along the waterway.
Participants need to select only those
gems and relics which they have on
their personal lists.

Participants are presented with a
scrambled water canal. Their task is to
unscramble the canal so that the water
flow is no longer obstructed. Clearing
the way is done by sliding columns and
rows in the correct order so that all
pieces of the canal end up connected to
one another.

A pawn creates a visual pattern in a 4x4
matrix. This visual pattern dissolves
quickly and upon its complete
disappearance, participants have to
reproduce an exact copy of the visual
pattern.

Working Memory

Planning

Visuospatial
short-term memory

WAIS-I1II Letter Number Sequencing &
Spatial Working Memory

BADS Zoo Map & Stockings of
Cambridge

WMS-I11 Spatial SpanTask & Spatial
Span

* See: Aalbers T, Baars MA, Olde Rikkert MG, Kessels RP. Puzzling with online games (BAM-COG): reliability, validity, and feasibility of an
online self-monitor for cognitive performance in aging adults. J Med Internet Res. 2013 Dec 3;15(12):e270.
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Table 2 Demographic and Background Characteristics of the Participants

Characteristics

Statistic (N,%, M, SD)

All Individuals > 60
individuals years
N Sex (%)
Men 267 (51.2) 142 (67.9)
Women 254 (48.8) 67 (32.1)
M Age (years) (SD) 54.7 (12.9) 66.4 (4.7)
N Educational level (%)
Low to intermediate 259 (49.7) 114 (54.5)
High 262 (50.3) 95 (45.5)
M BMI (kg/m?) (SD) 25.1 (3.6) 25.2 (3.2)
M Cognitive stimulation (hours/day) 1.66 (1.28) 2.23 (1.38)
(SD)
N Smoking status (%)
Never 266 (51.1) 70 (33.5)
Ever 204 (39.2) 122 (58.4)
Yes current smoker 51 (9.8) 17 (8.1)
N Daily Alcohol Intake (%)
<1 unit 276 (53.0) 80 (38.3)
1 unit 182 (34.9) 87 (41.6)
> 2 units 63 (12.1) 42 (20.1)
M sleep (hours/day) (SD) 7.1(0.8) 7.2 (0.79)

Notes: BMI, Body Mass Index
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Table 3 Correlation Coefficients between Performance on BAMCOG Puzzle Games and Participants'

Characteristics

Characteristics Working Memory Executive Function Visuospatial short-
(planning) term memory
Spearman's P Spearman's P Spearman's P
r r r
Age (years) -0.23 <.001 -0.34 <.001 -0.39 <.001
Sex * 0.09 .099 -0.01 917 0.10 .038
Educational level T 0.15 .006 0.12 .056 0.17 <.001
Sleep (hours/day) -0.05 334 -0.09 158 0.04 451
Units alcohol intake (n/day) -0.11 .038 -0.11 .066 -0.07 142
Cognitive stimulation (hours/day) -0.08 .148 -0.16 .008 -0.18 <.001
Smoking status 0.01 925 -0.14 .020 -0.12 012
BMI (kg/m?) -0.16 .003 -0.06 .305 -0.05 256

* 0, male; 1, female; T 0, low to intermediate; 1, high; ¥ 0, never; 1, ever; 2, yes current smoker

Notes: BAMCOG, Brain Aging Monitor - Cognitive Assessment; BMI, Body Mass Index
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Table 4 Performance on BAMCOG Puzzle Games for Different Indicators of Physical Activity: Multiple

Regression Analysis
Characteristics

Current Physical Activity
Low
Moderate
High

Lifelong Physical Activity
Low
Moderate
High

Walking Speed

Current Physical Activity
Low
Moderate
High

Lifelong Physical Activity
Low
Moderate
High

Walking Speed

Working Memory

N =331
Beta P-value
-0.05* 391
-0.01* .823

N =331
Beta P-value
0.04* 523
0.10* 11

N =249
Beta P-value
0.188 .004

N =115
Beta P-value
-0.15* 217
-0.00* .979

N =115
Beta P-value
0.10* .367
0.10* 372

N =101
Beta P-value
0.228 .026

Executive Function

All participants

N = 266
Beta P-value
-0.00t 976
-0.06t .364

N = 266
Beta P-value
0.02t .745
0.04t .554

N = 202
Beta P-value
0.079 .293
Participants > 60 years

N =81
Beta P-value
0.00t .980
-0.20t 136

N =81
Beta P-value
0.01t .954
0.15% .240

N=72
Beta P-value
-0.031 .807

Visuospatial short-
term memory

N =470
Beta P-value
0.00% .986
0.08% 118
N =470
Beta P-value
-0.10% .044
-0.07% .166
N = 355
Beta P-value
0.068 .245
N=177
Beta P-value
-0.02% .855
0.13% 159
N=177
Beta P-value
-0.12% .162
0.02% .840
N =151
Beta P-value
0.018 .885

Adjusted for * age, educational level, Body Mass Index; T: age, sleep per day; f: age, educational level; §: age
1 age, sex. Notes: BAMCOG, Brain Aging Monitor - Cognitive Assessment; BMI, Body Mass Index
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Figure 1

Participants Nijmegen Exercise Study (NES)
(numbers of participants aged > 60 years are
givenin italics & in parentheses):

N = 4221 (N = 2077)

~
Participants with
BAMCOG data: E—
N =619/ (N = 243)
J
N\
Participantsincluded
in analysis: —
N =521/ (N =209)
J

/Excluded participants:
N=98/N=34

for the following reasons:

*N =11 /(N = 10) Stroke or TIA

*N = 10 CNS disorders*

*N=7/(N =4)Vision problems**

N =8 (N =4) >3 units alcohol consumption per/day
N =62 (N = 16) Incomplete data

*a.0. Parkinson, MS, Meningioma, Dyspraxia

** Macular degeneration, glaucoma

o

/
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FIGURE LEGENDS

Figure 1 Flowchart of enrolment and inclusion for all participants and participants > 60 years

of the Nijmegen Exercise Study (NES)

26



	Objective: Studies show physical activity to be beneficial for cognitive function. However, studies usually included individuals who were not particularly inclined to exercise. Following research among master athletes, we examined associations between...
	Method: Four Days Marches participants and less active or inactive control participants from the Nijmegen Exercise Study were examined. Self-reported current and lifelong physical activities were quantified in Metabolic Equivalent of Task minutes/day ...
	Results: Data from 521 participants (mean age 54.7, standard deviation 12.9) showed neither positive associations between lifelong physical activity and working memory, executive function, and visuospatial short-term memory nor positive associations b...
	Conclusion: Walking speed but not lifelong and current physical activity levels were associated with cognitive function. Therefore, walking speed deserves more attention in research aimed at unravelling associations between physical activity and cogni...
	METHODS
	The Nijmegen Exercise Study
	Physical activity parameters
	We assessed NES study participants’ current physical activity levels in the past month using the Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH). The SQUASH was previously shown to be substantially correlated with objective m...
	Furthermore, we also assessed NES study participants' lifelong physical activity levels for four different age phases: 18-29 years, 30-49 years, 50-64 years, and ≥65 years of age (19). For these lifelong physical activity, participants were asked to r...
	Finally, we asked Nijmegen Four Days Marches participants to rate their average training walking speed during their walks in preparation for the Nijmegen Four Days Marches in km/h. A substantial correlation was observed between self-rated training wal...
	Cognitive Function
	Covariates
	Statistical Analyses
	Demographic and background characteristics of the NES study participants were summarised using descriptive statistics. Spearman's correlation coefficients were calculated between performance in the cognitive domains as measured with the BAMCOG puzzle ...
	Associations between performance in the cognitive domains (dependent variables) and current and lifelong physical exercise as well as training walking speed (independent variables) were examined with multiple linear regression analysis and standardiz...
	In line with previous studies in which associations between physical activity and cognitive function were examined in later life, the analyses were then repeated for senior NES study participants aged > 60. Furthermore, two sensitivity analyses were c...
	RESULTS
	Study population
	Tertiles of 'low' 'moderate' and 'high' current physical activity reflected median METmins/day of 11 (interquartile range 7-14), 25 (interquartile range 20-33) and 85 (interquartile range 54-137). Tertiles of 'low' 'moderate' and 'high' levels of life...
	Taken together, we conclude that not the amount of current and lifelong physical activity, but rather walking speed seems to be associated with better working memory. Walking speed therefore deserves more attention in research aimed at unravelling as...
	ACKNOWLEDGEMENTS
	This work was supported by a European Commission Horizon 2020 grant Marie Sklodowska-Curie Fellowship (grant number 655502 to T.M.H.E). We thank Susanne Gerrits, Brigitte Heezen and Johan Willemstein of the Stichting DE 4DAAGSE for distributing our st...
	AUTHOR  DISCLOSURE STATEMENT
	No competing financial interests exist.

