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Abstract

Background: The changes in the body caused by normal aging can lead to a decline in cognitive
function. Physical activity is recognized to be a factor that reduces the possible negative impacts on
cognitive functioning appearing with aging. The aim of the thesis is to conduct a literature review
on the association between objectively measured physical activity and cognitive functioning in late
adulthood and in addition, to investigate the association between daily physical activity patterns
and cognitive function.

Methods: The research is based on the study population consisting of participants from the Finnish
Retirement and Aging Study (FIREA). Physical activity was measured with triaxial ActiGraph
accelerometer, that measure activity as acceleration of the body part the device is attached to. In
this thesis previously conducted latent class trajectory analysis was used to characterize
participants into six different groups according to their daily activity behavior. Cognitive function
was measured with neuropsychological test battery including five tests from Cambridge
Neuropsychological Test Automated Battery (CANTAB®). Each cognitive test represents one or
more cognitive subdomains which can be categorized under different cognitive domains.

Results: There was statistically significantly better performance in information processing test in
“Low throughout the day” group compared to “High during the day and decrease in the evening”
group. In sustained attention test “Highest during the day and active in the evening” group had
poorer performance compared to group 2 (p=0.014) and “Moderate during the day and decrease
in the evening” group (p=0.018). In any other cognitive test, there were no significant difference
found between the trajectories.

Conclusions: The results suggest that those who are physically active during free time have better
performance in cognitive tests than those who are physically active during working hours. Leisure-
time physical activity seems to be more beneficial than work-time physical activity among older

workers.
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1 INTRODUCTION

Mental and physical health are promoted and protected by regular physical activity, which also
helps to reduce the risk of many chronic diseases (Sofi et al. 2011) and is beneficial for all people
regardless of age or ability (Global Status Report on Physical Activity 2022 2022). Nonetheless,
latest global estimates indicate that 27.5 % of the world’s adult population (adults aged over 18) do
not spend enough time in physical activity to improve and protect their health compared to
physical activity guidelines by World Health Organization (Guthold et al. 2018). Also, both men and

women become even less active when aging (Global Status Report on Physical Activity 2022 2022).

In the everyday life of older people cognitive functioning plays an important role. The changes in
the body caused by normal aging can lead to a decline in cognitive function, for example in
memory, problem-solving activities and speed processing. (Orgeta et al. 2019; Klimova, Valis, and
Kuca 2017) Cognitive decline seems to be influenced by many different risk factors, not just aging
(Barnes and Yaffe 2011). There are non-modifiable risk factors including age, gender, genetics, race
and ethnicity and modifiable risk factors such as diabetes, head injuries, lifestyle factors including

smoking, heavy alcohol use, sleep and physical activity (I. J. Deary et al. 2009; Norton et al. 2014).

Regular physical activity is known to be an effective way to improve cardiovascular health and to
promote protective effects on the brain (Erickson et al. 2019). Furthermore, physical activity is
recognized to be a factor that reduces the possible negative impacts on cognitive functioning
appearing with aging (Livingston et al. 2020). It has been shown in the studies that exercise is
associated with lower risk for dementia, and there is also convincing evidence of physical activity
being a protective factor in clinically diagnosed Alzheimer’s disease (Livingston et al. 2017; Hersi et
al. 2017). A recent systematic review analyzed studies that investigated the association between
accelerometer-measured physical activity and cognitive function (Oliveira et al. 2023). The review
indicates there is association between regular physical activity and better performance in cognitive
tasks among older adults. The association was shown particularly in case of moderate to vigorous

physical activity.



It is important to explore and identify the factors predisposing to the deterioration of cognitive
function in order to find and execute ways to prevent the cognitive decline, to detect changes in
cognition at an early stage and to be able to target interventions to risk groups. The amount of
older people is increasing, and so is increasing the amount of those living with dementia. There are
predictions in which it is estimated that in 2050 the population of older adults will exceed 2 billion
people (United Nations 2019). Dementia has a remarkable effect in individuals and their families. It
also affects the economy, with global costs estimated at about USS1 trillion annually. (“World
Alzheimer Report 2018 - The State of the Art of Dementia Research: New Frontiers,” n.d.) In this
light it is of primary importance to strive to develop ways to increase the functional life years of

individuals and to reduce the burden caused by cognitive impairment.

2 STUDY AIMS

The aim of the thesis is to conduct a literature review on the association between objectively
measured physical activity and cognitive functioning in late adulthood. In addition, | investigate the
association between daily physical activity pattern and cognitive function in older workers in the

Finnish Retirement and Aging (FIREA) dataset.

3 LITERATURE REVIEW

3.1 Physical activity



Physical activity is defined by the WHO as any bodily movement produced by skeletal muscles that
requires energy expenditure. Based on the intensity of energy expenditure physical activity can be
divided into different intensity categories. These are, from the lowest energy expenditure to the
highest energy expenditure, sleep, sedentary behavior (SB), light physical activity (LPA), moderate
physical activity (MPA) and vigorous physical activity (VPA). Physical activity can also be thought
taking place in different domains of which most referred to are occupational, recreational,

domestic and transportational (Barnett et al. 2014).

As previously stated, 27.5 % of the world’s adult population (adults aged over 18) do not spend
enough time in physical activity to improve and protect their health compared to physical activity
guidelines by WHO (Guthold et al. 2018). Despite the recognized fact, that physical activity is
important for preserving health, mobility and well-being in older age (Chodzko-Zajko et al. 2009),
adults over the age of 60 is the least active group of the adult population (Troiano et al. 2008). A
study by Pulakka et al. 2019 described daily patterns of physical activity based on accelerometer
measurements in aging workers, and it was shown that the level and patterns of physical activity

differ by age, gender and occupational category (Pulakka et al. 2019).

3.2 Cognitive function

Cognitive functioning refers to functions related to human information processing. General
cognitive ability is also called intelligence, and the commonly used quantity that reflects this is the
IQ. General cognitive ability can be divided into different domains, such as reasoning, processing
speed, executive function, memory and spatial ability. (Salthouse 2004) Cognitive domains are not
independent, but dependent on each other. An individual who performs well in one test measuring
cognitive functioning usually performs well in tests measuring other domains too (lan J. Deary,

Penke, and Johnson 2010).

In the population both general cognitive ability and cognitive domains differences approximately
follow a normal distribution, but there is an exception with a slight excess at the lower end of the

distribution (Vuoksimaa 2019). There are differences in cognition between individuals throughout



life, and the average deterioration of cognitive functions in aging cannot be explained solely by the

fact that the differences between individuals increase in old age (Salthouse 2004).

Cognitive aging refers to changes in information processing functions in normal aging. In old age,
general cognitive ability declines slightly on average, but intelligence measured as a child predicts
cognitive ability through life to over 90 years of age, and the individual's performance compared to
others of the same age remains very similar (lan J. Deary, Pattie, and Starr 2013). Significant
changes occur in the cognitive domains, but the changes differ from each other between domains.
In general, processing speed starts to decline first, around the age of 30-40, and the decline
continues through old age. In middle age starts the deterioration in many domains, and the
deterioration accelerates after about 60 years of age. (Hughes et al. 2018) On average, 60% of
changes in cognition are explained by changes common to different domains of cognition (Tucker-
Drob, Brandmaier, and Lindenberger 2019). However, changes in cognition are very individual, and

the baseline affects the cognitive performance throughout life.

When trying to distinguish between normal cognitive aging and memory disorders,
neuropsychological assessment is used. Normal cognitive aging means a person performs
averagely on tests measuring cognition in relation to age and educational level. Dementia means
there is an objectively determined deterioration of cognition that affects coping with everyday
activities. When there is a decline in some area of cognition, but the definition of dementia is not
met and the person is able to perform everyday activities independently, it is defined to be a mild
cognitive impairment. This heterogeneous condition can be permanent or reversible. However,

mild cognitive impairment increases the risk of memory disease. (Vuoksimaa 2019)

There are around 50 million people living with dementia worldwide. The number is expected to
increase especially in low-income countries and middle-income countries and reach 152 million by
2050. (Livingston et al. 2020) Based on international epidemiological studies it has earlier been
estimated that there are 200 000 people with mildly impaired information processing in Finland

(Lobo 2000). More than 150 000 people in Finland have a diagnosed memory disorder (Roitto et al.



2016), but a significant part of memory disorders go undiagnosed (“Muistisairaudet: Kdypa Hoito -

Suositus” 2023).

As previously stated, cognitive decline seems to be influenced by many different risk factors, both
non-modifiable and modifiable. The Lancet Commission’s 2020 report on dementia presents 12
potentially modifiable risk factors for dementia, supported by convincing evidence. The risk factors
presented are air pollution, depression, diabetes, excessive alcohol consumption, hearing
impairment, hypertension, less education, low social contact, obesity, physical inactivity, smoking
and traumatic brain injury. These 12 risk factors account for around 40% of worldwide dementias.

Thus, in theory, this proportion could be prevented or delayed. (Livingston et al. 2020)

3.3 Association between physical activity and cognitive function

Research around the topic has tried to clarify the connection between physical activity and
cognitive functioning. The association seems to depend on the dose of physical activity and the
domain of cognition under investigation. Factors defining the dose are the volume, duration,
frequency and intensity of physical activity. There are potential moderators of the relationship
between physical activity and cognitive function also. It is suggested that the relationship varies,
among other factors, as a function of body composition, fitness level, sex, and health status.

(Erickson et al. 2019)

All twelve studies analyzed the association between objectively measured physical activity and
cognitive function assessed by specific tests (Amagasa et al. 2020; Bangen et al. 2023; Halloway et
al. 2020; Hsiao et al. 2022; Hyodo et al. 2023; Kerr et al. 2013; Oliveira et al. 2023; Phillips et al.
2016; Sewell et al. 2023, 23; Wu et al. 2020; Zhu et al. 2015; 2017). Studies included eight cross-
sectional studies, three longitudinal studies and one systematic review. Follow-up times in

longitudinal studies were at the maximum eight years.

In the literature investigated for the review section it was widely shown a positive relationship

between physical activity and cognitive functioning. A cross-sectional study by Wu et al. 2020



suggests that absolute time spent in light PA, moderate-to-vigorous PA and total PA all had a linear
relationship with cognitive performance. With MVPA (moderate-to-vigorous-intensity physical
activity) and TPA the association was shown both in males and females, but with LPA the

association was shown only in females.

Benefits of physical activity on brain structure, function and cognition in aging are widely
supported in literature. Yet the mechanisms by which physical activity may preserve
cerebrovascular health have rarely been studied. (Bangen et al. 2023) Regional cerebral blood flow
(CBF) and white matter hyperintensity (WMH) volume are indicators of cerebrovascular health
that have previously been studied by Zlatar, Hays et al. 2019 (Zlatar et al. 2019). In the study it was
shown that in older adults with normal cognition accelerometer-measured light physical activity
and moderate to vigorous physical activity are associated with greater cerebral blood flow in the

frontal lobe.

What remains unknown is the dose of physical activity needed to improve cognitive function
(Erickson et al. 2019). Nine studies were able to demonstrate the positive association between
MVPA and cognitive performance (Amagasa et al. 2020; Bangen et al. 2023; Hsiao et al. 2022; Kerr
et al. 2013; Oliveira et al. 2023; Phillips et al. 2016; Wu et al. 2020; Zhu et al. 2015; 2017), and four
of these also suggested that there is no any association between LPA and cognitive performance
at all (Amagasa et al. 2020; Bangen et al. 2023; Zhu et al. 2015; 2017). Nonetheless, also the
association between LPA and cognitive performance emerged in several studies (Hsiao et al. 2022;

Hyodo et al. 2023; Kerr et al. 2013; Oliveira et al. 2023; Wu et al. 2020).

Contrary to this the cross-sectional-study by Hyodo et al. 2023 (Hyodo et al. 2023) studying the
association between intensity or accumulating pattern of physical activity and executive function
in older adults suggests that greater time spent in BLPA (bouted light-intensity physical activity)
was associated with better performance in Stroop task measuring inhibitory control, but
association was not found with non-BLPA or any variable related to time spent in MVPA. Neither
LPA nor MVPA were significantly associated with performance in N-back task measuring working

memory or task-switching task measuring cognitive flexibility.
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Table 1. Compilation of reviewed research studying physical activity and cognitive funtion.

Study

Number of participants
(age)

Variables/measurements

Research layout

Main results

(Amagasa et al. 2020)

n=511 (73.4+5.6 years)

Physical activity: SB, LPA, total MVPA,
sporadic MVPA, bouted MVPA
Cognitive function: MMSE-J

cross-sectional study

Relative to the overall mean the proportion of time
spent in total MVPA was reduced by 39.1 % in the group
of those with cognitive function decline (CFD) and
increased by 5.3 % in the group of those with normal
cognitive function (NCF). Greater proportion of time
spent in total MVPA was significantly associated with
lower probability of CFD.

(Bangen et al. 2023)

n=43 (71.8+4.2 years)

Physical activity: SED, all light PA,
moderate-to vigorous PA

Cognitive function: MDRS, NIH Toolbox,
RAVLT, SCWT, WMS-R, TMT, verbal
fluency tests (F-A-S and animals)

cross-sectional study

Greater time spent in moderate-to-vigorous PA was
associated with better memory and executive
functioning. Greater time spent in all light PA was not
associated with performance on cognitive measures.

(Halloway et al. 2020)

n=742 (79.37.3 years)

Physical activity: total daily physical
activity

Cognitive function: episodic memory,
semantic memory, working memory,
perceptual speed, visuospatial ability,
global cognition

longitudinal study,
follow-up for 4 years

Interaction between physical activity and cognitive
activity at the first time point had a significant effect on
higher levels of working memory. Interaction between
changes in physical activity and changes in cognitive
activity had a significant effect on higher levels of
semantic memory.

(Hsiao et al. 2022)

n=145 (81.216.8 years)

Physical activity: total PA, LPA, MVPA
Cognitive function: Chinese version of
the MMSE

cross-sectional study

Both LPA and MVPA was significantly associated with
cognitive function. Compared to those engaging in LPA
<3 h/day there was a reduced risk of cognitive
impairment among those engaging in LPA >3 h/day.
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Study

Number of participants
(age)

Variables/measurements

Research layout

Main results

(Hyodo et al. 2023)

n=76 (75.8+5.1 years)

Physical activity: SB, LPA, MVPA, BLPA,
BMVPA, non-BLPA, non-BMVPA, sleep
Cognitive function: Stroop task
measuring inhibitory control, N-back
task measuring working memory, task-
switching task measuring cognitive
flexibility

cross-sectional study

Greater time spent in BLPA was associated with better
performance in Stroop task. Association was not found
with non-BLPA or any variable related to time spent in
MVPA. LPA or MVPA were not significantly associated
with performance in N-back task or task-switching task.

(Kerr et al. 2013)

n=215 (83.4+6.6 years)

Physical activity: LLPA, HLPA, MVPA
Cognitive function: TMT

cross-sectional study

HLPA was significantly associated with shorter time to
complete TMT A, B and B minus A in unadjusted models.
MVPA was significantly associated with shorter time to
complete TMT B and B minus A in adjusted models.

(Oliveira et al. 2023)

23 studies were
included in qualitative
synthesis

systematic review

The review indicated that regular physical activity,
especially MVPA, is associated with better cognitive
function in older adults.

(Phillips et al. 2016)

n=51 (70.1+7.0 years)

Physical activity: total number of daily
steps, MVPA

Cognitive function: everyday cognition
— DECA, inductive reasoning — the
Letter Series task, speed of processing
—the WAIS-R Digit Symbol Substitution
task

cross-sectional/micro
longitudinal study

According to effect size estimates physical activity
explained 0-24 % of within-person variability in cognitive
function depending on cognitive task, physical activity
dose and timing.
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Study

Number of participants
(age)

Variables/measurements

Research layout

Main results

(Sewell et al. 2023)

n=199 (68.7+5.9 years)

Physical activity: total counts reflecting
total physical activity, peak counts
reflecting physical activity intensity,
daily kilocalories reflecting energy
expenditure

Cognitive function: episodic recall
memory, executive function, attention
and processing speed, global cognition
(AIBL PACC score)

Longitudinal study,
follow-up for 8 years

Participants with higher physical activity intensity and
total physical activity at baseline had better global
cognition over the follow-up period. Higher total
physical activity predicted also improved episodic recall
memory over time. Greater energy expenditure
predicted better episodic recall memory and global
cognition over time.

(Wu et al. 2020)

n=308 (68.7+5.4 years)

Physical activity: SED, LPA, MVPA, TPA
Cognitive function: MoCA

Cross-sectional study

LPA, MVPA and TPA had a linear relationship with
cognitive performance. With MVPA and TPA the
association was shown both in males and females, but
with LPA the association was shown only in females.

(zhu et al. 2015)

n=7098 (70.1+8.5
years)

Physical activity: SED, LPA, MVPA,
SED%, LPA%, MVPA%

Cognitive function: SIS, WLL, AF, LF,
MoCA recall and orientation

Cross-sectional study

Participants in the lowest MVPA% quartile were more
likely to be cognitively impaired than participants in the
highest MVPA% quartile. MVPA% had a significant
association with executive function and memory z-
scores.

(zhu et al. 2017)

n=6452 (in the
beginning 69.7+8.5
years)

Physical activity: SED, LPA, MVPA,
SED%, LPA%, MVPA%

Cognitive function: SIS, WLL, AF, LF,
MoCA recall and orientation

Longitudinal study,
follow-up for 2.9+1.1
years

Compared to the lowest MVPA% quartile participants in
higher MVPA% quartiles had better maintenance in
executive function and memory and a lower risk of
cognitive impairment.

13



SB = SED = sedentary behavior, LPA = light-intensity physical activity, MVPA = moderate-to-
vigorous-intensity physical activity, TPA = total physical activity, LLPA = low light-intensity physical
activity, HLPA = high light-intensity physical activity, BLPA = bouted light-intensity physical activity,
BMVPA = bouted moderate-to-vigorous-intensity physical activity, SED% = proportion of total
accelerometer wear time spent in SED, LPA% = proportion of total accelerometer wear time spent
in LPA, MVPA% = proportion of total accelerometer wear time spent in MVPA, MMSE = the Mini-
Mental State Examination, MMSE-J = Japanese version of the Mini-Mental State Examination,
MDRS = the Mattis Dementia Rating Scale, NIH Toolbox = the National Institutes of Health Toolbox
Cognition Battery, RAVLT = the Rey Auditory Verbal Learning Test, SCWT = the Stroop Color and
Word Test, WMS-R = the Wechsler Memory Scale-Revised, TMT = the Trail Making Test, DECA = the
Daily Everyday Cognitive Assessment, WAIS-R = the Wechsler Adult Intelligence Scale, AIBL = the
Australian Imaging, Biomarkers and Lifestyle study, AIBL PACC = the AIBL Preclinical Alzheimer’s
Cognitive Composite, SIS = the Six-Item Screener, WLL = the Word List Learning (CERAD), AF =

animal fluency (CERAD), LF = letter fluency, MoCA = the Montreal Cognitive Assessment

4 MATERIALS AND METHODS

4.1 Participants

The research is based on the study population consisting of participants from the Finnish
Retirement and Aging Study (FIREA). (Stenholm et al. 2023) It is an ongoing longitudinal cohort
study in the Department of Public Health established in 2013. Participants are older adults in
Finland. They were first contacted and sent a questionnaire 18 months prior to their estimated
retirement date. After responding to the questionnaire, Finnish-speaking participants who
intended to retire between 2017 and 2019, lived in the Southwest Finland and were still working,
were invited to participate in a clinical sub-study (n=773). Of them, 290 (38%) participated in the
clinical sub-study between September 2015 and May 2018. 281 participants provided

14



accelerometer data on at least four valid days with 210 hours of waking wear time and of them 262
participants performed cognitive testing. Informed consent was obtained from all the participants.
The FIREA study was conducted in line with the Declaration of Helsinki and was approved by the

Ethics Committee of Hospital District of Southwest Finland.

4.2 Methods

4.2.1 Accelerometer measurements

Physical activity was measured with triaxial ActiGraph wActiSleep-BT accelerometers (ActiGraph,
Pensacola, Florida, USA), that measure activity as acceleration of the body part the device is
attached to. (Pulakka et al. 2020) Measuring was done at least for seven days and nights, 24 hours
per day. The participants got the instructions on wearing the accelerometer both oral and written.
The accelerometer was instructed to be worn on non-dominant wrist at all times, also during
water-based activities, but removed for sauna bathing. Participants were also asked to register

working days and each work shift in an accompanying log during the time they wore the device.

Data from the accelerometers was downloaded and converted into 60 second epochs in the
Actilife software, version 6.13 (ActiGraph, Pensacola, Florida, US). The vector magnitude (VM)
counts per minute (CPM), which was calculated as the square root of the sum of squared activity
counts of the three axes, was used. Wake wear time between the first and last time registered in
the participant’s log. Non-wear time, sleep time and hours with less than 60 minutes of wear time
were excluded. A valid measurement day was defined as minimum of 10 hours of wake wear time
(Migueles et al. 2017). Mean VM CPM (vector magnitude counts per minute) for each hour of the

day (hours between 6:00 and 22:00) was used for the trajectory analyses.

In this thesis previously conducted latent class trajectory analysis was used to characterize
participants into different groups according to their daily activity behavior (Stenholm et al. 2021).

The participants were divided into six different groups based on the variation in physical activity

15



level on workdays including working hours and evening hours. These groups are “Low during the

n u ”

day and increase in the evening”, “Low throughout the day”, “Moderate during the day and
decrease in the evening”, “Moderate during the day and increase in the evening”, “High during the
day and decrease in the evening” and “Highest during the day and active in the evening”. These

trajectories of daily physical activity are shown in Figure 1.

Figure 1. Trajectories of daily physical activity on workdays. (Stenholm et al. 2021)

6000

Mean hourly VM CPM
S
8

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Hour

=== | ow throughout the day (32%)
=== | ow during the day and increase in the evening (7%)
=Moderate during the day and decrease in the evening (33%)
Moderate during the day and increase in the evening (11%)
=== High during the day and decrease in the evening (10%)

=== Highest during the day and active in the evening (7%)

4.2.2 Assessment of cognition

Cognitive function was measured with neuropsychological test battery including five tests from
Cambridge Neuropsychological Test Automated Battery (CANTAB®). The tests were conducted by a

trained study nurse during a clinical study visit. CANTAB® is a standardized computer-based

16



method for assessing cognitive function, and it is widely used in clinical trials and research
purposes (Rovio et al. 2016; Waller et al. 2016). The tests are performed on a touch-screen
computer system, and a suitable test battery may be selected among all individual tests to cover
the cognitive subdomains of interest in each specific study. Each CANTAB® test produces several
outcome variables. Each cognitive test represents one or more cognitive subdomains which can be

categorized under different cognitive domains.

The tests used in this study were Paired Associates Learning (PAL) for visual memory and learning,
Spatial Working Memory (SWM) for working memory, Rapid Visual Information Processing (RVP)
for information processing, Attention Switching Task (AST) for sustained attention and Reaction
Time (RTI) for reaction time. More thorough description of the tests can be found elsewhere (Teras

et al. 2020).

4.2.3 Assessment of covariates

Date of birth, gender and occupational title were obtained from the register of pension institute
Keva. The occupational titles were coded according to the International Standard Classification of
Occupations (ISCO) and categorized into 3 groups: high (ISCO classes 1-2, managers and
professionals), intermediate (ISCO classes 3—4, associate professionals and office workers), and low
(ISCO classes 5-9, service and manual workers). Smoking (current vs. former and never), alcohol
risk use (>24 units for men and >16 units for women) and hypertension were defined using the
information from the questionnaire. Body mass index was calculated from measured height and
weight. Psychological distress was assessed by the 12-item General Health Questionnaire, that
measures the symptoms of common mental health problems. Sleep difficulties were evaluated
with Jenkins Sleep Problem Scale, a four-item survey including questions about falling asleep,
maintaining sleep during the night, waking up too early in the morning, and nonrestorative sleep
(Jenkins et al. 1988). The response categories for each item were 1) never, 2) 1-3 nights per month,
3) 1 night per week, 4) 2-4 nights per week, 5) 5-6 nights per week, and 6) nearly every night. Sleep

difficulty was defined as any of the items occurring at least 2-4 night per week.

17



4.2.4 Statistical analysis

Characteristics of the study population are presented in Table 2 as mean values and standard
deviations for the continuous variables and percentages for the categorical variables. We examined
differences in cognitive subdomains by comparing mean levels of the cognitive test results
between the trajectories of daily physical activity on workdays by using ANCOVA. We adjusted the
model for age, gender, BMI, smoking, alcohol risk use, hypertension, occupational status,
psychological distress and sleep difficulties. We chose the covariates listed above, because the
association between physical activity and cognitive function can be confounded by them. Statistical

analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

5 RESULTS

Characteristics of the study population are shown in Table 2. The average age of the subjects was
62.4 (SD 1.0) years, and 82 % of them were women. Average BMI was 26.3 (SD 4.7), 5% of the
study population were smoking, 10 % had alcohol risk use, and 30 % had hypertension. The
participants were distributed in different groups according to the occupational status 38 % of them
having high occupational status, 34 % having intermediate occupational status and 27 % having low
occupational status. 13 % of the participants suffered from psychological distress and 30 % had

sleep difficulties.
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Table 2. Characteristics of the study population.

Total (n=262)

Age, mean (SD) 62.4 (1.0)
Women, % 82
BMI, mean (SD) 26.3 (4.7)
Smoking, % 5
Alcohol risk use, % 10
Hypertension, % 30

Occupational status, %

High 38
Intermediate 34
Low 27
Psychological distress, % 13
Sleep difficulties, % 30

The mean scores of cognitive tests by different trajectory groups of daily physical activity are
shown in Table 3. In addition, the mean scores of each individual cognitive test are presented in
Figures 2-6. As shown in Figure 2, group 2 (Low throughout the day) performed statistically
significantly better in information processing test compared to group 5 (High during the day and
decrease in the evening). The mean score of information processing test was highest in group 1
(Low during the day and increase in the evening), but no significant difference was found
compared to any other group. In sustained attention test (Figure 3) group 6 (Highest during the day
and active in the evening) had poorer performance compared to group 2 (p=0.014) and group 3
(Moderate during the day and decrease in the evening) (p=0.018). In any other cognitive test
(visual memory and learning [Figure 4], working memory [Figure 5], reaction time [Figure 6]) no
significant difference was found between the trajectories. Nonetheless, group 1 had the highest
mean scores in information processing, visual memory and learning, working memory and reaction

time tests.
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Table 3. The mean scores of cognitive tests by different trajectory groups of daily physical activity.

Notes: Results are adjusted for age, gender, BMI, smoking, alcohol risk use, hypertension, occupational status, psychological distress and sleep

difficulties.
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Figure 2. The mean scores in information processing test.
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Figure 3. The mean scores in sustained attention test.
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Figure 4. The mean scores in visual memory and learning test.
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Figure 5. The mean scores in working memory test.
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Figure 6. The mean scores in reaction time test.
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3 Moderate during the day and decrease in the evening
4 Moderate during the day and increase in the evening
5 High during the day and decrease in the evening

6 Highest during the day and active in the evening

6 DISCUSSION

This cross-sectional study investigated the relationship between physical activity and cognitive
function in older workers. The study specifically examined the performance in cognitive tests of
people in different trajectory groups of daily physical activity. Participants with low physical activity
throughout the day performed statistically significantly better in cognitive test measuring
information processing compared to participants with high physical activity during the day and
decrease in the evening. Also, those with low physical activity throughout the day and those with
moderate physical activity during the day and decrease in the evening performed statistically
significantly better in cognitive test measuring sustained attention. In any other cognitive test,
there were no significant differences found between the trajectory groups of daily physical activity.
Nonetheless, the people with low physical activity during the day and increase in the evening had
the highest mean scores in information processing, visual memory and learning, working memory

and reaction time tests.

Previous literature has indicated an association between regular physical activity and better
performance in cognitive tasks among older adults. Some studies indicate that the positive
relationship between physical activity and cognitive functioning only emerges when the time spent
in physical activity is long enough or when the intensity is high enough. In the study by Hsiao et al.
2022 it was shown that only those engaging in light physical activity at least three hours a day had
reduced chance of cognitive impairment. The same association was not found in those engaging in
light physical activity less than three hours a day. In turn, the study by Kerr et al. 2013 found that

high light-intensity physical activity and moderate-to-vigorous-intensity physical activity are
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statistically significantly associated with better performance in cognitive tests, but there is no

association between low light-intensity physical activity and cognitive tests.

As previously stated, some studies even indicate that better cognitive performance is only
associated with MVPA and not with any other intensity of physical activity. A cross-sectional study
and later a longitudinal study has been conducted in The Reasons for Geographic and Racial
Differences in Stroke (REGARDS) study cohort from United States. In the cross-sectional study by
Zhu et al. 2015 it was stated that the participants in the lowest MVPA% quartile were more likely to
be cognitively impaired than the participants in the highest MVPA% quartile. Also, MVPA% had a
significant association with executive function and memory z-scores. In this study LPA% or SED%
had no significant association with cognitive function. In the longitudinal study with follow-up time
for an average of three years the participants in higher MVPA% quartiles had better maintenance
in executive function and memory and a lower risk of cognitive impairment compared to the

participants in the lowest MVPA% quartile.

Previous research has considered the volume and intensity of physical activity throughout the day
without the information about how physical activity is distributed during the day. In contrast, this
study considered the pattern of physical activity during the working days, and the consistency of
physical activity is known. The mean scores of the cognitive test assessing reaction time are higher
with those who are physically active in the evening compared to those who have similar daytime
activity but who are not physically active in the evening. Roughly, in many cognitive tests the mean
scores of the trajectory groups deteriorated when the amount of physical activity increased.
However, no statistically significant differences were found from most of the tests or between most

of the groups.

Additional value of this study is that cognition was examined and measured versatilely in several
different domains, and it has been assessed with tests that do not show a ceiling effect. The
research population is strictly delimited in terms of age, so the association can be reliably studied
precisely in people of this age. Also, 82 % of the participants were women. The strict delimitation
of study population may impair the generalizability of the results, and the population is also small.
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Thus, further research is needed in the future with larger materials that also include men. Itis a
cross-sectional study, so the information is only available for one time point, and the benefits of a
longitudinal study and follow-up are not sought. Interesting topics for the research in the future
would be, for example, how the distribution and patterns of physical activity change after

retirement or how the cognition changes in different groups during the aging.

In conclusion, there was an indication, that those who are physically active during free time have
better performance in cognitive tests than those who are physically active during working hours.
This is probably influenced by the lower level of education of people doing more physically active
work. Consequently, leisure-time physical activity seems to be more beneficial than work-time
physical activity among older workers, but future longitudinal studies are needed to confirm the

findings.
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