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ABSTRACT

Introduction The global burden of age-related cognitive
decline is increasing, with the number of people aged 60
and over expected to double by 2050. This study compares
the acute effects of age-appropriate cognitively demanding
aerobic exercises involving walking, on cognitive
functions and exerkine responses such as brain-derived
neurotrophic factor (BDNF) and cathepsin B (CTSB) in older,
healthy adults.

Methods/design Healthy older golfers (n=25, 16

male and 9 female, 69+4 years) were enrolled in a 5-

day randomised cross-over study and completed three
different exercise trials (18-hole golf round, 6 km Nordic
walking, 6 km walking) in a real-life environment, in
random order and at a self-selected pace. Differences in
cognition (the Trail-Making Test (TMT) AB) and exerkines
(BDNF and CTSB) were analysed within groups using the
Wilcoxon signed-rank test and between groups using the
Kruskal-Wallis test.

Results All exercise types resulted in a significant
decrease in the TMT A-test (p<0.05; golf: —4.43+1.5

s, Nordic walking: —4.63+1.6 s, walking: —6.75+2.26

s), where Nordic walking and walking demonstrated a
decrease in the TMT B-test (p<0.05; Nordic walking:
-9.62+7.2 s, walking: —7.55+3.2 s). In addition, all
exercise types produced significant decreases in the TMT
AB test scores (p<0.05), and Nordic walking (p=0.035)
showed decreases in the TMTB-TMTA-test. There were no
immediate postexercise changes in the levels of BDNF or
CTSB.

Conclusion Acute bouts of golf, Nordic walking and
walking improved cognitive functions irrespective of
exerkines in healthy older adults. In addition, Nordic
walking and walking in general enhanced executive
functions. No significant effects were seen on the levels of
BDNF and CTSB.

Trial registration number ISRCTN10007294.

INTRODUCTION

The globally ageing population and expected
increase in age-related cognitive decline' and
dementia® all pose health, social care and
economic challenges, with the cost of care
projected to reach US$1.6 trillion by 2050.°

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous research has highlighted the potential cog-
nitive enhancements resulting from acute bouts of
aerobic exercise, with the extent of improvement
influenced by factors like exercise intensity, duration
and modality.

WHAT THIS STUDY ADDS

= The study assesses three popular types of age-
appropriate aerobic exercise, namely golf, Nordic
walking and walking, and examines their relation-
ships with cognitive function and cognitive-related
exerkines in healthy older adults.

= This study indicates that a single session of 18 holes
of golf, 6 km of Nordic walking or 6 km of regu-
lar walking may improve cognitive function in older
adults, irrespective of the specific exercise modality.

= Nordic walking and regular walking were shown to
enhance more demanding executive functions such
as set-shifting and cognitive flexibility.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The study results support that age-appropriate ex-
ercises, especially aerobic exercises such as golf,
Nordic walking and regular walking can maintain
and improve cognitive function in the general popu-
lation of older adults.

= Aerobic exercise, including Nordic walking, regular
walking and golf, offers potential promise as a treat-
ment strategy for those who already exhibit cogni-
tive decline.

Exercise has become a crucial modifiable
factor in preventing cognitive decline®’ as
it can help maintain cognitive performance
during normal ageing and protects against
neurogenerative diseases,” in addition to
improving executive functioning such as
processing speed and visuospatial functions
in older adults.’

Recent meta-analyses have indicated that
an acute period (<60 min) moderate-intensity

(40%-60% VO2max) aerobic exercise (AE)
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appears to have greater impact on the executive function
of older adults than on younger adults regarding time-
dependent tests,” and it can also improve task-shifting
performance in healthy adults,® as measured by the Trail
Making Test (TMT). The TMT is a commonly used evalu-
ation of cognitive function for older adults that is sensitive
to dementia-related cognitive decline.” Although AE is a
promising non-pharmaceutical method for preventing
cognitive decline, the underlying mechanisms are not
fully understood.'” Recent studies suggest that exercise-
induced improvement in cognitive function® may be
related to exercise intensity and duration.'” "' Exerkines
such as brain-derived neurotrophic factor (BDNF) and
cathepsin B (CTSB) are gaining increasing attention due
to their potential role in signalling possible contributions
to cognitive/neurological health.”” ' In this regard, a
recent meta-analysis reported higher-intensity (> 80%)
exercise leading to increases of 60% in BDNF in older
adults.!! The acute effects of AE on CTSB, however, are
less well understood, although higher intensity (>80%
VO2max) AE (30-40 min) has been shown to increased
CTSB by 20% in younger individuals, while no response
was observed after moderate intensity (40%-60%
VO2max) AE in older adults."

Before we are able to determine the possible beneficial
effects of exercise as a preventive factor and treatment
strategy for cognitive decline in older adults,* '* * more
knowledge of the exercise-specific effectiveness of age-
appropriate, popular and safe'*"® cognitively-demanding
exercises such as golfand Nordic walking is required. Golf,
Nordic walking and walking are all moderate-intensity
outdoor AEs known for their safety and accessibility for
older individuals.'”™" However, golf and Nordic walking
stand out as more cognitively demanding activities
compared with traditional walking, since golf involves
strategic thinking and continuous cognitive involvement
during play.®* Nordic walking requires synchronised
rhythms with use of poles, accompanied by heightened
engagement of the upper body extremities and trunk
compared with regular walking.”! This study aims to
investigate whether an acute bout of these different types
of AEs affects cognitive function and exerkines such as
BDNF and CTSB.

METHODS

Study design

This studywas a 5-day randomised cross-over trial involving
25 healthy older adults (16 males, 9 females; mean age
69+4 years) who were already active golfers. Each subject
completed (in a random order) three exercise trials at a
self-selected pace. The study involved a cross-over design
over two separate weeks with 4-5 participants randomly
assigned to each of the three exercise groups. The trials
included an 18-hole round of golf on a flat course at
Tarina Golf course, Finland (course profile: flat; length
from red tees: 4477 m), while pulling a trolley in groups
of 2-3 players; Nordic walking on a flat predetermined
walking route of 6000 m and walking the same walking

route of 6000 m without the use of Nordic walking poles.
Each participant completed the three different exercise
trials over a 5-day period, with a 1-day washout period
between each trial to mitigate potential carryover effects.
For example, one group began with an 18-hole golf
round on day 1 (dl), followed by Nordic walking on day
3 (d3) and finally walking on day 5 (d5). Between each
exercise trial on the second (d2) and fourth (d4) days, a
1-day washout phase was incorporated to minimise any
carryover effects from the previous trial. Throughout the
5-day period, participants were instructed to maintain
their regular physical activities and nutritional habits,
which were recorded in a diary.

Sample size

The required calculation of the sample size was performed
for the outcome variable BDNF. Based on a one-way
analysis of variance, at least 21 participants were needed
per group to achieve a statistically significant difference
(p<0.05) between groups, assuming a BDNF concentra-
tion of 19 ng/mL after walking, 22 ng/mL after Nordic
walking and 24 ng/mL after golf, with an SD of 5.

Participants

The study recruited 60 volunteers from Tarina Golf’s
official membership register, out of whom 34 under-
went a screening test at the University of Eastern Finland
(Kuopio, Finland).

The inclusion criteria were male or female, over 65
years of age, body mass index <35 kg/m?, golf handicap
(HCP) <36 and participation in at least 18 holes of golf
per week. Participants were permitted to have long-term
use of hyperlipidaemia and hypertension medication
except those that may affect heart rate (HR), such as
beta-blockers. Exclusion criteria were those diagnosed
with dementia, Alzheimer’s disease, Parkinson’s disease
or cardiovascular diseases. After evaluation by a doctor,
26 participants were deemed eligible, and 1 dropped
out after randomisation, leaving a total of 25 eligible
participants. Participants provided written consent to
participate in the study.

All participants engaged in each exercise modality,
except for one who did not complete the golf round
due to health issues. The testing protocol also included
collecting data on weight, height, body composition,
waist and pelvis circumference, blood pressure, cardio-
respiratory fitness and physical function, as detailed in a
prior publication.'®

Experimental procedure

The daily experimental protocol is presented in figure 1.
On experimental days, participants arrived at Tarina Golf
Course (Siilinjarvi, Finland) at 7:00 hours following an
overnight fast of 10 hours. Blood samples were taken
first for BDNF and CTSB analysis. Next, participants
completed the cognitive function TMT A and B test. They
were then fitted with a Fitbit Versa 3 (California, USA)
on the wrist” * to measure exercise-specific outcomes
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Meeting at Tarina Golf

I Blood tests (BDNF, Cathepsin B) I

Cognition test (TMT-AB) |

I Standardised breakfast I

I Snack |—‘|Golf18-holes(daysl,3.5)|

[ Nordic walk 6km (days 1.3.5)]

L Walk 6km (days 13.5) |

Blood tests (BDNF, Cathepsin B)

Cognition test (TMT-AB) |

End of the day |

Figure 1

(distance, duration, pace, energy expenditure and
number of steps). It has been previously reported and
noted thatFitbits tend to overestimate energy expenditure
during activity with an estimated mean error of 4% (SD
2%).** Additionally, they were fitted with a Beat2Phone
ECG sensor with a chest strap (VitalSignum, Helsinki,
Finland)® ** to measure HR. This device provided reli-
able HR data that is useful for monitoring cardiovascular
health and guiding clinical interventions.*® After pre-
exercise measurements, participants were provided with
a standardised breakfast (530 kcal) before the exercise as
well as a snack (150 kcal) during the golf round. Nordic
walking and walking groups started between 8:00 and
9:00 hours, and the golf group started between 9:00 and
10:00 hours. All pre-exercise measurements were taken
in the morning hours between 7:00 and 8:30 hours, and
postexercise measurements were taken between 09:30
and 14:00 hours. Postexercise, measurements were
repeated immediately (<15 min).

Blood samples and cognitive-related exerkines

Blood samples were taken before and after exercise from
the brachial vein of participants who had fasted overnight
(>10 hours) prior to testing and avoided caffeine, alcohol
and physical activity the day before sampling. Samples
were collected in EDTA tubes for BDNF and serum
tubes for CTSB and stored at -80°C for further analysis.
To minimise the impact of natural diurnal variations in
BDNF levels,27 % measurements were performed in the
morning hours between 8:00 and 12:00 hours, except
for postexercise blood samples taken from golfers, which
were taken between 13:00 and 14:00 hours. The plasma
levels of BDNF were measured by ELISA (Thermo Fisher
Scientific, California, USA), and the serum levels of CTSB
were also measured by ELISA (Elabscience, Texas, USA)
according to the manufacturer’s instructions. Intra-assay
variations were less than 10% in both analyses.

Cognitive function assessment

The TMT AB test is a widely used cognitive task for
assessing visuospatial lower and higher cognitive func-
tion in older adults.*” It consists of two parts, TMT A and

Flow chart of experimental day protocol. BDNF, brain-derived neurotrophic factor; TMT, Trail-Making Test.

TMT B,” where the TMT A test measures lower cognitive
functions such as attention and processing speed,” that
are required for, for example, visual searching.9 TMT B
test measures task-switching ability and assesses more
executive function and higher cognitive functionality,*’
requiring working memory and cognitive ﬂexibility.9 In
TMT A, participants use a pencil to connect randomly
arranged numbers (1-25) in ascending order, while
in TMT B, they were required to connect numbered
(1-13) and lettered (A-M) circles, beginning with
the number one and alternating between letters and
numbers in ascending order as quickly as possible.” * %’
Scores for both tests were obtained based on the time
taken to complete each task, and the time to complete
TMT A and TMT B was recorded using a handheld
stopwatch.

Statistical analysis

The study involved pre-exercise and postexercise
measurements using a cross-over design, resulting in
75 outcome values that were analysed using IBM SPSS
Statistics V.27.0 (IBM). Means and SDs and SEs were
calculated for continuous variables, while frequencies
and percentages were calculated for categorical variables.
TMT B-TMT A values and TMT B/TMT A ratio scores
were calculated to measure cognitive efﬁciency.31 ** The
normal distribution of the data was checked using the
Kolmogorov-Smirnov test and visually observed from
a histogram, which indicated that most variables did
not distribute normally and sizes of groups were rather
small. As a result, non-parametric tests were used to
analyse data. The Wilcoxon signed-rank test was used
to compare cognitive function and cognitive-related
exerkines outcomes within groups for pre-exercise and
postexercise sessions. The Kruskal-Wallis test was used to
assess differences between all three groups for the vari-
ables at baseline and changes during the trials period.
The Pearson correlation assessed the relationship
between outcomes. The Mann-Whitney U test was also
used to compare the outcomes between genders. Signif-
icance level was set at p<0.05 with 95% Cls.
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Table 1 Participant characteristics at the baseline

Men Women All
n=16 n=9 n=25 P value*t Cohen’s dt
Demmographic outcomes
Age (years) 68+3.9 67+2.6 69+4.4 0.628 0.066
Marital satus 0.088
Married 15 (94%) 5 (56%) 20 (80%)
Divorced 0 (0%) 2 (22%) 2 (8%)
Widowed 0 (0%) 1(11%) 1 (4%)
Single 1 (6%) 1 (11%) 2 (8%)
Employment status 0.019
Retired 14 (88%) 8 (89%) 22 (88%)
Working <40 hours/week 2 (12%) 1 (11%) 3 (12%)
Physical health outcomes
Weight (kg) 79+8.9 70+5.3 76+8.9 0.024 1.153
BMI (kg/m?) 26+2.7 26+2.3 26+2.5 0.692 0.014
The waist-hip ratio 1+0.1 0.86+0.06 0.96+0.09 <0.001 2.620
Systolic blood pressure (mm Hg) 151+17 135+16 150+18 0.044 0.924
Diastolic blood pressure (mm Hg) 92+12 83+12 89+13 0.126 0.723
Total cholesterol (mmol/L) 5.0£1.3 5.6+£0.6 5.5+1.2 0.088 0.478
Triglycerides (mmol/L 1.0£0.4 1.1£0.3 1.0£0.4 0.444 0.988
LDL-cholesterol (mmol/L) 2.8+1.0 3.0+£0.4 2.9+0.9 0.164 1.030
HDL-cholesterol (mmol/L) 1.6+0.5 2.0+0.6 1.7+£0.5 0.034 1.751
Haemoglobin A1c (mmol/L) 37.9+3.6 36.6+3.5 37.4+3.6 0.333 0.386
Blood glucose (mmol/L) 5.9+0.4 5.7+0.7 5.8+0.5 0.163 0.499
Physical fitness outcomes
6 min walk test (m) 671+65 625+61 654+66 0.066 0.714
VO2max (mL/kg/min) 35+3 314 334 0.079 1.032
SPPB score 11.6+0.5 11.7+£0.5 11.6+0.5 0.838 0.081
Golf outcomes
Handicap value (WHS) 19.4+5.7 27.6+3.2 22.2+6.4 0.004 1.458
Golf exerperience (years) 17.6+8.7 14.13+9.8 16.6+9.0 0.712 0.184
Golf round-activity (week) 2.4+0.8 2.3+1.1 2.3+0.9 1.000 0.066
Practice swing (during play) 0.412
Yes 13 (81%) 6 (67%) 19 (76%)
No 3 (19%) 3 (33%) 6 (24%)

n (total)=25, n (men)=16 (64 %), n (women)=9 (36%).

Quantitative variables were expressed as means +SD and expressed in mean (95% Cl).

Categorical variables were expressed as numbers and percentage values.

Bold values indicates a statistically significant difference with a p-value less than 0.05.

*To determine gender difference, data were analysed by Mann-Whitney U test.

1To determine gender difference, data were analysed by y* tests.

FTo determine gender difference effect sizes, data were analysed by independent t-test.

BMI, body mass index; HDL-cholesterol, high-density lipoprotein cholesterol; LDL-cholesterool, low-density lipoprotein cholesterol; SPPB,

short physical performance test; WHS, world handicap system.

RESULTS
Characteristics of study participants

The characteristics of the subjects are shown in table 1.
The participants were considered normal weight to

This study had 25 healthy older golfers as participants  overweight (25+2.5 kg/m*) and had elevated blood
(n=25, 64% (n=16) males and 36% (n=9) females). pressure (144/89+18/12 mm Hg) as well as increased
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00 Golf Nordic Walking Walk

- *p=0.145 *p<0.01 l *p=0.042

*p=0.002

1

TMTA TMTA TMTB TMTB TMTA TMTA TMIB TMITB TMTA TMTA TMTB TMTB
Pre Post. Pre Post Pre Post Pre Post. Pre Post. Pre Post

Figure 2 Measn+SEM Trial-Making Test (TMT) A and B
scores pre-exercises and post-exercises in each gourp.

To determine group differences in pre-exercise and post-
exercise, data were analysed via the Wilcoxon signed-rank
test. * = p-value

total cholesterol (5.5+1.2 mmol/L). The HCP value was
2246, and participants had previous golf experience of
17+9 years on average, and they played 2+1 golf rounds
(18 holes) per week during the summer season (April-
October) in Finland, which would equate to meeting
moderate to vigorous physical activity guidelines.

Exercise/physical activity outcomes

The mean distance (p<0.001), time spent exercising/
completing the exercise bout (p<0.001) and steps
(p<0.001) were significantly greater for golf compared
with both Nordic walking and walking.'® However, the
average HR of golf (p=0.050) was significantly lower. The
average exercise intensity based on estimated HR max
(220 bpm—age) during each trial was 61% in the golf
group, 77% in the Nordic walking group, and 76% in the
walking group.'®

Acute responses to cognitive function

TMT test completion time values are shown in figures 2
and 3. Between-group comparison showed no significant
differences in TMT test results (p>0.05). In the within-
group comparisons, significant decreases were observed
in all groups in both TMT (p<0.05) tests from pre-exercise
to postexercise, corresponding to improved outcomes.
Statistically significant decreases in (p<0.05) TMT A time
values were observed in all groups (golf: —4.43+1.5 s,
Nordic walking: —4.63+1.6 s, walking: —6.75+2.26 s), while
decreased TMT B time values were found in the Nordic
walking (-9.62+7.2 s, p<0.001) and walking (-7.55+3.2
s, p=0.042) groups. TMT AB total time values statisti-
cally decreased (p<0.05) in all groups (golf: —9.23+4.7,
Nordic walking: —14.26+7.4, walking: —14.28+8.20). TMT
B - TMT A time values statistically decreased (—4.97+7.26
s, p=0.035) only in the Nordic walking group. In TMT
B/TMT A, the ratio values remained between 2.0-3.0 in

Mo Golf Nordic Walking Walk

*p=0.028

mll |

*p<0.001 l *p=0.010

*p=0.300

N il kil ow

0

TMT AB TMT AB TMT B-A TMT B-A TMT AB TMT AB TMT B-ATMT B-A TMT AB TMT AB TMT B-ATMT B-A
Pre  Post Pre  Post Pre  Post Pre  Post Pre  Post Pre  Post

Figure 3 Measn+SEM Trial-Making Test (TMT) corrected
B scores pre-exercises and post-exercises in each gourp.
To determine group differences in pre-exercise and post-
exercise, data were analysed via the Wilcoxon signed-rank
test. * = p-value.

all groups. In addition, no significant gender differences
were observed.

Acute responses to BDNF

The average BDNF changes pre-exercise and postex-
ercise are presented in table 2. In the between-group
comparison, there were no significant differences
in BDNF test results (p=0.745). In the within-group
comparisons, BDNF slightly decreased non-significantly
in all groups (golf: -6.11+7.35 ng/mL Nordic walking:
-2.56+7.56 ng/mL, walking: -2.31+7.29 ng/mL), but
we did not observe a significant change in BDNF levels
after the exercise session between groups (p=0.745) or
within the groups (golf p=0.391, Nordic walking p=0.968,
walking=0.523). Data from the washout period between
dl (pre-exercise) and d3 (pre-exercise) is presented in
table 3. Approximately 40 hours after exercise, Nordic
walking demonstrated significantly increased BDNF
values (p=0.046) in the participants. No correlations were
observed between changes across the TMT test, BDNF
and CTSB. In addition, no significant gender differences
were observed in the acute response to exercise.

Acute responses to cathepsin-B

The average CTSB changes pre-exercise to postexercise
are presented in table 2. In the between-group compar-
ison, there were no significant differences in CTSB test
results (p=0.927). In the within-group comparisons,
CTSB values increased non-significantly in all groups
(golf: 3.0+4.0 ng/mL Nordic walking: 2.55+3.07 ng/
mL, walking: 3.59+3.82 ng/mL), but no significant
changes in CTSB levels were observed after the exercise
session between groups (p=0.927) or within the groups
(golf p=0.615, Nordic walking p=0.693, walking=0.927).
Approximately 40 hours after exercise, golf demonstrated
a non-significant increase in CTSB values (3.52+11.6 ng/
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mL), while after Nordic walking, values slightly decreased
(-3.68+6.76 ng/mL). Similarly, a non-significant reduc-
tion was observed in CTSB (-17.46+10.42 ng/mL) after
walking.

DISCUSSION

To our knowledge, this is the first study to assess the imme-
diate cognitive effects of golf, Nordic walking and walking
in older adults without underlying cognitive impairment.
Our findings indicate that an acute bout of AE popular
in this age group is able to improve cognitive function in
older adults. Moreover, Nordic walking and walking also
improve more demanding executive functions, which may
be related to the higher relative exercise intensity. While
no significant increase in cognition-related exerkines
was observed immediately after exercise, Nordic walking
produced significantly longer-lasting increases in BDNF.

Acute responses to cognitive function

We observed significant improvements in the TMT A test,
which measures lower cognitive functions such as psycho-
motor speed, visuospatial searching and target-director
motor tracking,33 with all exercise modalities. In addition,
improvements in the TMT B test, which measures high-
order processes, executive functions and set-switching
ability,™ and these findings were statistically significant
after Nordic walking and walking. From previous study, it
is known that acute AE can improve task-shifting perfor-
mance measured by the TMT A and B tests, while low
to moderate intensity exercise may provide better results
in task-shifting performance.® Meta-analysis'' proves that
moderate and vigorous exercise induces fatigue and
dehydration. Longer duration of a cognitively demanding
activity may induce more fatigue, cognitive fatigue and
other factors (eg, dehydration) that can influence cogni-
tion, and this may explain the lack of improvement in
the TMT B test results after golf trials as golf is a longer
duration activity.

Studies have supported that a subject’s performance on
TMT B is influenced by the low-level processes that are
also involved in TMT A, such as visual scanning, motor
speed, and basic visuomotor tracking. To account for this,
we calculated corrected TMT B scores ((TMT B-TMT A)
or (TMT B/TMT A)) to provide a more efficient measure
of cognitive flexibility and processing speed that isolates
the specific demands of set-switching in TMT B.*" ** We
observed significant improvements in the total time of
both the TMT A and B tests, which describes generally
more low-level processes improvements. It is important
to highlight that the TMT A test has an impact on both
its own time values and those of TMT B, owing to the test
protocol’s.” ™ Additionally, the enhancement in overall
time following Nordic walking for the TMT B-TMT A test
could potentially be attributed to the fact that Nordic
walking places higher cognitive demands compared with
regular walking. Among all exercise types, the TMT B/
TMT A ratio score was between 2 and 3, suggesting essen-
tially equal performance for these tests.*

The TMT-A and TMT-B time of our study participants
were approximately 60% faster compared with norma-
tive data of TMT tests on older adults, which reported
TMT A (5326 s) and TMT B (1387+54 s5).” It appears
that our senior golfers may have better cognitive func-
tion than matched members of the general population,
which could be due to their habitual physical activity
and regular participation in cognitively demanding AE
(golf),” although confounding factors could include
socio-economic status, education level and other factors,
which may mean the baseline of a golf-playing cohort is
different to the general population. Based on prior inves-
tigations”” as well as those of this study, low to moderate
intensity physical activity seems to be positively associated
with improved acute cognitive function for older healthy
adults; this is particularly important as these types of
exercise are more popular and perhaps more practical
than high-intensity training/ exercise, which may not be
feasible for older adults considering their health status,
and activities participated in by their friends and peers.

Acute responses of BDNF to AE
BDNF is synthesised primarily in the brain and also in
skeletal muscle.” It has been suggested as a mediator of
acute exercise-cognitive performance relationships.”*
It is known that a single session of at least 30 min of
moderate intensity (> 60% VO2max) AE can increase
BDNF concentrations'' in healthy younger adults.”*
However, it remains unclear whether acute cognitively
demanding exercise has a similar impact on BDNF in
healthy older adults."" ** In our study, we were not able to
find an immediate post-exercise effect of acute exercise
on BDNF levels. Only one study directly measured the
effect of playing an 18-hole golf round on BDNF levels in
healthy younger adults (n=9, 31+4 years) and reported a
modest but significant increase in BDNF (20%) immedi-
ately after the golf round, with levels returning to baseline
after 1 hour of recovery.”® However, the duration of their
golf round was longer (5 hours) in this past study than
in our study (3.5 hours), and participants differed in age
and prior exposure, where in our current study, all partic-
ipants were regular weekly senior golfers.'! Interestingly,
BDNF levels have been shown to decrease by about 6%
in older women who participated in NW training for the
first time after 1 hour of training, but BDNF increased
if the person regularly practised Nordic walking.”” In
our study, most of the golfers did not regularly prac-
tice Nordic walking. However, Nordic walking led to a
significant increase in BDNF expression, while golf also
produced higher BDNF levels after approximately 35—-40
hours after the first exercise; this makes biological sense
given that the maximum concentration of BDNF was
found 24 hours after blood collection, and this concen-
tration can remain stable up to 42 hours postexercise.”
Some studies have determined that acute AE can lead
to a reduction in BDNF concentration.” * It has been
suggested that this reduction may be due to the utilisa-
tion of BDNF in the repair of exercise-induced muscle
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damage or a reduction of BDNF release by the brain
during recovery.* *' The release of BDNF in response
to exercise appears to be intensity-dependent, with
higher-intensity exercise resulting in a greater release of
BDNF.” * However, in our study, the intensity of AE was
largely moderate (60%—76% HRmax), which might have
affected the immediate lack of BDNF response. In addi-
tion, previous studies have indicated that BDNF levels
may also vary within individuals over days and that phys-
ical fitness, sex, age and body weight can all influence
BDNF concentrations.'" **%

Acute responses of cathepsin-B to AE

In addition to BDNF, we also investigated the effect of
acute AE on CTSB. However, CTSB is released from
skeletal muscle cells, and we know that CTSB circula-
tion increases in an AE intensity-dependent manner.'’
The acute effects of AE on CTSB circulation in humans
requires further study, especially since there are
conflicting results regarding exercise and CTSB.® In our
study we observed non-significant increases immedi-
ately postexercise in this population. A recent past study
observed no change in serum CTSB in response to acute
low and moderate (40% and 65% VO2max) intensity
AE, but there was a 20%+7% (p=0.02) and 30%=18%
(p=0.04) increase in CTSB in response to higher inten-
sity (80% of VO2max and VO2max) AFEs.' In another
recent study, where acute moderate-intensity (50%—-60%
of HRR) postexercise effects of open-skill and closed-skill
on CTSB were studied in healthy younger (age 18-25
years) athletes (n=45), an increase in CTSB was reported
immediately (3 min) postexercise.’

From a clinical perspective, this study’s findings focused
on acute changes in cognitive function and cognitive-
related exerkines. In keeping with the wider literature
on the role of health-enhancing physical activity on
cognitive function, our study showed that all types of
studied AE produce favourable effects on cognitive func-
tion in older adults, regardless of intensity or duration.
However, no significant changes were observed in the
cognitive-related exerkines. Further research is needed
on the exercise dose-response relationship in exerkines,
including BDNF and CTSB, based on exercise-specific
parameters such as intensity, duration and type in popu-
lations including healthy older adults.

Study limitations

We conducted this randomised cross-over study in a
real-world environment. This is advantageous for its
generalisability to real-life contexts. However, due to the
field-test conditions, differences in exercise modulation,
such as distance and terrain, may influence the findings.
Not all factors could be controlled as precisely as in a labo-
ratory setting. The use of one postexercise measurement
for BDNF and CTSB and blood samples taken after 12:00
hours may also impact the interpretation of the study’s
findings due to potential biomarker changes over time
and BDNF’s circadian rhythm expression. Additionally, it

is important to take into consideration the small sample
size when evaluating the results.

Considering the trial protocol, we recruited only
golfers for the study as it was impossible to assign non-
golfers to play a round of golf. Nordic walking was a new
type of exercise for most participants, which may have
led to poor technique and thereby exercise parameters
of the activity. Those who regularly play golf may have
better overall health and physical fitness, limiting the
generalisability of the results to all older adults or those
with chronic conditions.

CONCLUSION
All three forms of AE studied (golf, Nordic walking and
walking) improved cognitive functions regardless of the
specific type of exercise engaged in. Interestingly, Nordic
walking and regular walking were shown to enhance
more demanding executive functions. However, it may be
that the intensity of these exercises was not high enough
to effect BDNF and CTSB, and other factors that merit
further study may have contributed to these findings.
Golf, Nordic walking and walking can be recom-
mended to healthy older adults as AE for their protective
effects on cognitive function. The best available evidence
suggests they can be recommended as a preventive factor
for older adults and potentially as a treatment strategy for
those presenting decline.
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