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Abstract. — OBJECTIVE: Last few decades
have witnessed rapid ageing of the population.
The prevalence of mild cognitive impairment and
dementia is significantly higher in people aged 60
and over than in younger. The aim of the study
was the assessment of the putative associations
between physical activity and cognitive function-
ing in elderly inhabitants of a rural area.
PATIENTS AND METHODS: The participants un-
derwent physical assessment, physical activity,
cognitive functions, depression were assessed.
RESULTS: Highly active participants had better re-
sults in tests assessing psychomotor speed and
in measuring attention and its flexibility compar-
ing to groups of medium and low physical activi-
ty. Active people made fewer errors in the test
measuring visual memory and new learning, and
had significantly better results in the spatial-
recognition memory test. Persons with symptoms
of depression performed worse in visuospatial
memory and working memory tests. Associations
between physical activity and cognitive test re-
sults as well as association between body mass
index and blood pressure and cognitive perfor-
mance were observed.

CONCLUSIONS: The results of the study suggest
an association between higher physical activity and
better cognitive functioning in the field of working
memory and visual and spatial-recognition, atten-
tion and attention flexibility. Symptoms of depres-
sion, hypertension and increased BMI may ad-
versely affect cognitive performance in elderly.
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Introduction

Last decades have witnessed rapid ageing of
the population. The average life span has been
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continuously increasing, resulting in a growing
percentage of the population aged over 60, and —
consequently — an increased cost of medical care
for those people. Above 60 the number of people
with mild cognitive impairment grows rapidly, as
does the incidence of dementia. Incidence of de-
mentia estimates are increasing with age from 2
per 1000 in subjects aged 65-69 years to 74 per
1000 in subjects > 90 years old' and nearly half
of the people aged 85 and older suffer from
Alzheimer’s disease in the United States®. De-
mentia is a chronic, progressive and as yet incur-
able disease. Therefore determination of the risk
factors connected with worse cognitive function-
ing and contributing to the development of de-
mentia seems to be of particular importance.
Over the past decade, there has been an increas-
ing focus on the influence of a number of
lifestyle factors on the cognitive functioning of
older adults. Numerous studies and metaanalyses
in populations of elderly and middle aged people
have indicated physical activity as an important
factor improving cognitive functioning*®. The
mechanism of the influence of the physical activ-
ity on attention and executive functions has not
been fully elucidated. The increased oxygen con-
sumption and angiogenesis, and the neurotrans-
mitters level and/or the regulation of neu-
rotrophins, such as brain-derived neurotrophic
agent (BDNF), insulin-like growth factor (IGF-1)
and basic fibroblast growth factor (bFGF), have
been proposed’.

The aim of the study was to delineate the asso-
ciation between physical activity and cognitive
functioning in older inhabitants of a rural area in
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western Poland. Most studies have only exam-
ined selected cognitive domains, but nevertheless
they have shown a positive impact of physical ac-
tivity on memory?®, reaction time® and visuospa-
tial skills'®. In our study a wide range of cogni-
tive tests was employed, both traditional paper-
and-pencil tests and computerized versions of
neuropsychological tasks.

Patients and Methods

The participants included 120 elderly inhabi-
tants of a rural area in western part of Poland,
who were recruited and assessed in their local
General Practice in order as they were coming to
their family doctor. An International Physical Ac-
tivity Questionnaire (IPAQ)!! was used to assess
the level of their activity. The IPAQ enabled gath-
ering information on the frequency and duration
of their physical activity (intensive, moderate and
walking). Three levels of physical activity are
proposed: (1) Category 3: high, for individuals
meeting one of the following 2 criteria: (a) vigor-
ous-intensity activity on at least 3 days and accu-
mulating at least 1500 MET-minutes/week OR
(b) 7 or more days of any combination of walk-
ing, moderate-intensity or vigorous intensity ac-
tivities achieving a minimum of 3000 MET-min-
utes/week. (2). Category 2: moderate, for indi-
viduals meeting one of the following 3 criteria:
(a) 3 or more days of vigorous activity of at least
20 minutes per day OR (b) 5 or more days of
moderate-intensity activity or walking of at least
30 minutes per day OR (c) 5 or more days of any
combination of walking, moderate-intensity or
vigorous intensity activities achieving a mini-
mum of at least 600 MET-min/week. (3) Catego-
ry 1: low, for individuals with the lowest level of
physical activity. Those individuals who do not
meet the criteria required for categories 2 or 3 are
considered with low activity/inactive. The results
are expressed as MET-min per week: MET level
x minutes of activity/day x events (day) per week
(C continuous Score)'?. We also checked the
BMI (body mass index), heart rate and blood
pressure. In order to assess the mood we used the
Beck Depression Inventory (BDI) — a 21-ques-
tion multiple-choice self-report inventory, one of
the most widely used instruments for measuring
the severity of depression'?. Participants under-
went neuropsychological assessment lasting ap-
proximately 2 h. They completed the tests in a
fixed order with a break half-way through. The
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Trail Making Test (TMT) and Stroop test'*!* as
well as selected tests from the Cambridge Auto-
mated Neuropsychological Test Battery
(CANTAB; CeNeS Ltd, Cambridge, UK) — Spa-
tial Working Memory (SWM), Pattern Recogni-
tion Memory (PRM), Spatial Span (SSP), Stock-
ing of Cambridge (SOC), Paired Associated
Learning (PAL)'>!!7% were employed. Screen-
shots and detailed overviews of these tests are
available online!’; they have been described in
our previous paper®. Brief descriptions of the
tests are presented below.

The Trail Making Test (TMT) consists of two
parts and is very sensitive to cerebral dysfunc-
tion. Part A of the test measures psychomotor
speed. The results of part B reflect the ability to
shift strategy and assess the executive function
and visuospatial working memory?!. Time is
recorded in seconds. The Stroop test assesses di-
rected attention and its flexibility. Spatial Work-
ing Memory (SWM) is a test of the subject’s abili-
ty to retain spatial information and to manipulate
remembered items in the working memory,
which measures the working memory for spatial
stimuli and requires the subject to use mnemonic
information to work towards a goal. Spatial Span
(SSP) is a test assessing working memory capaci-
ty. Stockings of Cambridge Planning Task (SOC)
is a visual spatial planning test based on the Tow-
er of London task?>?. Paired Associates Learn-
ing (PAL) test assesses visual memory and new
learning. Pattern Recognition Memory (PRM) is
a test of visual pattern recognition memory. Spa-
tial Recognition Memory (SRM) is a test of visu-
al spatial recognition.

The exclusion criteria in this study included
dementia symptoms, a history of head trauma
with loss of consciousness, substance abuse,
epilepsy and severe somatic illnesses. The study
was approved by the Ethics Committee of the
Poznan University of Medical Sciences. The par-
ticipants gave their written informed consent af-
ter being provided with a complete description of
the study.

Statistical Analysis

Statistical analyses were carried out with Sta-
tistica version 10.0 for Windows. Between-group
differences in the demographic characteristics,
clinical factors and neuropsychological tests
were assessed by #-student test (two-group com-
parisons) and analysis of variance ANOVA (com-
parisons among more than two groups). All re-
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sults were expressed as the mean and standard
deviation (SD). Statistical significance was set at
p < 0.05 for all analyses. To examine the impact
of physical activity on neurocognitive perfor-
mance, correlations between activity data and
neurocognitive test variables were calculated us-
ing Spearman’s method.

Results

Our group of participants consisted of 120 per-
sons (80 females and 40 males; mean age 60.1 =
16.4 yrs), including 56 older persons (aged 65
and over) and 64 younger persons. The partici-
pants were divided into three groups based on
their level of activity according to the results of
the TPAQ. Eighty-six persons met the criteria for
the high level of physical activity (H), 9 persons
for the low level (L) and 25 participants fulfilled
the criteria for the medium (M) level of physical
activity. H- participants were significantly
younger and scored less on the depression ques-
tionnaire but there were no differences in the
body mass index (BMI).

These three groups were compared in terms of
cognitive functions. Results are displayed in
Table I. Group H had better results in TMT part
A, assessing the psychomotor speed, and better
results in both parts A and B of the Stroop Test

(measuring directed attention and its flexibility),
when compared to groups M and L. Active peo-
ple made fewer errors in the PAL test and had
significantly better results in the spatial recogni-
tion memory test (SRM). Twenty-one partici-
pants had symptoms of depression according to
BDI (11 and more points). They performed sig-
nificantly worse only in one of SRM subevalua-
tions (SRM correct), had worse SSP span length
results (p = 0.006) and made more errors in TMT
part B (p = 0.006). The studied group included
25 overweight people and 30 obese persons. No
significant differences between those subgroups
and normal weight participants in terms of their
cognitive functions were detected. They did not
differ across such variables as age, years of edu-
cation or symptoms of depression.

The associations between the activity levels
and various aspects of cognitive functioning
were also examined. The results are shown in
Table II. Energy requirements of walking (both
total and leisure) correlated negatively with the
number of errors in PAL — a difficult test assess-
ing visual memory and new learning. Energy re-
quirements for walking as transportation corre-
lated negatively with TMT B results. The age of
the participants correlated with the number of
errors in the Stroop test and the time taken to
complete TMT part A. The number of correct
trials in SRM correlated negatively with intense

Table I. Comparison of the results of cognitive tests. Values expressed as means + standard deviation (SD).

Levels (categories) of physical activity

Test High (H) Moderate (M) Low (L)
TMT A! 53.7 £36.6 93.2+739 112.0 £ 60.2
TMT B 125.7+75.1 160.4 +51.6 211.0+52.8
TS A (time)? 30.5+16.5 48.2 +47.8 444 +174
TS A (errors) 0.04 £0.20 0.17 £ 0.60 0.13+0.35
TS B (time)3 85.0+39.5 115.0 £ 86.3 76.8 £14.2
TS B (errors)* 29+36 6.3+9.38 10.4 £21.0
PAL Total errors? 33.9+352 589 +534 34.1+19.7
PAL Total errors (6 shapes)? 105 +12.1 18.8 +£16.5 104 +3.9
PRM %correct 76.9 = 15.4 72.2+15.0 66.2 +£15.9
SRM %correct® 749 +£12.7 65.0+13.8 65.6 £16.4
SOC Mean initial thinking time (5 moves) 8151.5 £ 6358.6 8797.4 + 6684.7 5295.5 +5352.6
SOC Mean subsequent thinking time (5 moves) 5060.7 + 7468.1 7203.4 + 6063.4 3483.3+4313.4
SOC Problem solving in min. moves 73+2.1 6.8+24 6.0+3.0
SSP Span length 54+6.0 43+1.0 142 +£294
SWM Between search errors 545+£19.2 62.0 £ 14.0 56.2 £26.3
SWM Strategy 379+3.5 379+34 359+159

'Difference between H and L groups and between H and M groups, p < 0.001; 2Difference between H and L groups, p < 0.05
and between H and M groups, p < 0.01; *Difference between H and M groups, p < 0.05; “Difference between H and L groups,
p <0.01 and between H and M, p < 0.01; *Difference between H and M groups, p < 0.01.
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Table Il. Correlations between level and type of physical activity and clinical factors and cognitive tests results.
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*significant at p < 0.05.

activity at work. Diastolic blood pressure corre-
lated positively with one of the results of SOC
(mean initial thinking time) and negatively with
the span length in the SSP. BMI correlated neg-
atively with the percentage of correct trials of
the PRM. Energy requirements for overall walk-
ing correlated positively with SOC Problems
solved in minimum moves, which means that
the participants who walk more scored better in
that test.

Discussion

Regular physical activity was described as a
factor connected with a higher level of cognitive
functioning®*. Numerous studies have also high-
lighted the positive effects that exercise has on
the aging brain: in clinical populations?®-2¢,
healthy populations?” and in animal studies® and
on the other hand the worsening of cognitive
function in obese®. In this study, physically ac-
tive middle-aged and older rural inhabitants had
better cognitive test results than less active par-
ticipants. Associations between the duration and
intensity of self-reported physical activity and
cognitive functioning were also detected. Partici-
pants who reported a high level of activity had
better results in the test assessing the psychomo-
tor speed, directed attention and its flexibility
when compared to the group of medium and low
activity participants. Highly active people made
fewer errors in the PAL test, which indicated that
their visual memory was better. They also per-
formed better in new learning tasks. Those with a
high level of activity had significantly better re-
sults in the spatial recognition memory test
(SRM) as well. These findings are consistent
with the results of Brown et al** who have ob-
served significant positive associations between
higher intensity physical activity and the scores
on the digit symbol, Rey Complex Figure Test
copy and verbal fluency tests, as well as with re-
ports of other authors**'. In all those studies, in-
dividuals whose either self-reported or actigra-
phy-measured activity was higher had better re-
sults in the cognitive test in comparison with
people who had a lower level of physical activity.
Angevaren et al® have observed better perfor-
mance on cognitive tasks while assessing speed,
memory, mental flexibility as well as higher
global cognition scores in individuals with a
higher self-reported physical activity intensity,
which is consistent with the results of Brown et
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al*® who used actigraphy. We found correlations
between physical activity and cognitive perfor-
mance. High activity was associated with better
results in tests of executive function, new learn-
ing, visuo-spatial working and recognition mem-
ory and directed attention and its flexibility as
well as with better planning capacity (measured
as problems solved in minimum moves in SOC).
Our group included people with normal weight,
overweight (20.8%) and with obesity (25%). We
noticed fewer overweight people compared to the
survey conducted in the eastern part of Poland?!.
Analysing the results of cognitive tests we did
not find any differences between those three sub-
groups in cognitive performance, however a
higher BMI was associated with worse results in
the visual memory test. Hypertension is a risk
factor for many diseases such diabetes, infarct,
stroke, vascular dementia; high blood pressure is
associated with lower cognitive functioning33+.
We noticed in our group that lower diastolic pres-
sure was associated with better results of visuo-
spatial subtest (SOC test) and working memory
(SSP). According to Anson and Paran’s review™,
mild hypertension at an old age may increase
cognitive performance; besides, positive, ad-
verse, or no relationships between cognitive per-
formance and blood pressure have been reported.
Depression is a common and underdiagnosed
syndrome in elderly people, frequently associat-
ed with cognitive deficits, mainly in episodic
memory and learning®. To assess the mood of
the participants we employed the widely-used
Beck Depression Inventory!2. There were twenty-
one persons who scored more than 11 points in
the BDI. They performed worse than the remain-
ing participants on several computerized tests as
well as on the Stroop test. Depressed participants
had a lower number of correct answers in the vi-
sual spatial recognition memory test (SRM). The
results of the tests assessing working memory ca-
pacity and directed attention and its flexibility
were also worse in this group. Our findings are
consistent with most studies and appear to in-
volve both explicit verbal and visual memory
deficits in patients with depression as well as ex-
ecutive dysfunctions®. As depression is connect-
ed with a decreased psychomotor activity and it
impacts volition-affected behaviours, it may also
indirectly influence the level of physical activity.
The mechanism(s) how exercises (physical activ-
ity, fitness) can influence the cognitive perfor-
mance has not been fully elucidated yet. Certain-
ly, intense physical activity can enhance cardio-

vascular (CV) health (by reducing blood pres-
sure, lowering cholesterol levels)®®. Hence, a
healthier CV system facilitates an increased cere-
bral flow and perfusion as well as oxygen trans-
port to the brain*. New data suggest that in order
to achieve cognitive benefits induced by physical
exercise, an increase in the cardiovascular fitness
level must be maintained. An increase in the
brain-derived-neurotrophic factor (BDNF) level
associated with activity has been reported®*. BD-
NF is known as a determinant of hippocampal
neurogenesis, synaptic plasticity and neurotrans-
mitter synthesis*’. Higher levels of aerobic fitness
have been associated with an increased hip-
pocampal volume in 165 older non-demented
adults, which translated to better memory func-
tion*!. A positive impact of aerobic exercises on
hippocampal volume has been established in hu-
mans and animals*. Individuals who did greater
amount of exercise have demonstrated lower
amyloid (which is associated with pathology of
Alzheimer’s disease) loading®. Some authors
have pointed out that a common mechanism un-
derlying the effects of exercise might be related
to the inflammation, which can impair growth
factor signaling both systemically and in the
brain. By reducing peripheral risk factors such as
diabetes, hypertension and cardiovascular dis-
ease, exercises help decrease brain dysfunction
and neurodegeneration caused by the central in-
flammation processes connected with those sys-
tematic illnesses*. Circulating levels and brain
uptake of insulin-like growth factor I (IGF-I) also
increase with exercise. Trejo et al*** has report-
ed that blocking the entrance of IGF-I into the
brain results in prevention of exercise-induced
neuron proliferation in the dentate gyrus, sug-
gesting that IGF-I also plays an essential role in
neurogenesis. This evidence indicates that IGF-I
plays an important role in the influence of exer-
cise on cognition, BDNF levels, and neurogene-
sis. The exercise has been hypothesised to in-
crease neurotransmitters (serotonin, norepineph-
rine) levels, and influence cognitive functioning
by facilitating information processing!*¢ and im-
proving mood. The positive effect of physical ac-
tivity on cognitive functioning is probably medi-
ated by the combination of numerous factors
(some of which still remain unknown). We can-
not forget about such “soft” factors as social and
mental activities, which could also mediate this
exercise-cognition association. We also do not
yet know how much and what types of physical
activity produce the most rapid and robust effects
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on cognitive functioning and brain. Nor do we
know how long exercise effects last after cessa-
tion of training or how much exercise is needed
to reinstate previously observed benefits. The
benefits of physical exercise or physical activities
promoting brain and cognitive vitality well into
older adulthood have been well documented.
Now, more intervention studies are needed to ad-
dress questions related to the benefits of exercise
and mechanisms involved. We would like under-
line that this study includes self-reported activi-
ty data and not assesses duration, intensity, and
frequency of activities. The specificity of our
studied group ensues from the fact that most of
the activity of the rural area inhabitants, report-
ed as physical activity in the questionnaire, is
connected with their daily routines. For many
of our respondents, riding a bike or walking is
simply the only available way of moving from
place to place, while working in the garden is
aimed at production of food rather than being a
leisure activity. The life style and the place of
residence greatly affect our physical activity
patterns and preferred recreation types. A city
inhabitant doing sedentary work will choose
riding a bike as a recreational activity. Howev-
er, premises underlying that choice will be en-
tirely different than in the case of a bicycle ride
taken by a rural inhabitant to the nearest gro-
cery store located several kilometers away or to
the place of work.

This is a preliminary report. The research is
still going on: in subsequent studies covering
larger groups of participants a greater number
of social, demographic, medical and other con-
founding factors will be taken into account. We
did not analyse the impact of diabetes (direct
and mediated by depressive symptoms), move-
ment disabilities or some life-style factors (i.e.
drinking behaviours, smoking) on cognitive
function and physical activity. On the other
hand, to our knowledge, this is the first paper
concerning the association of physical activity
and cognitive functions in Polish elderly inhab-
itants of a rural area, employing such a wide
cognitive tests battery. Changing life-style fac-
tors is safe and inexpensive and we already
have got results how changing life-style can re-
duce for example cardiovascular risk factors*’,
therefore further studies are needed to elucidate
how changing in physical activity can improve
cognitive functioning and reduce the likelihood
of development of dementia processes. We are
in need to conduct Polish studies on physical
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activity in elderly inhabitants of Poland, taking
into account social, cultural and economic dif-
ferences between the rural and urban areas and
elderly populations living there (referred to in
the surveys of residents of a capital city and of
the countryside).
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