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Acute exercise performed close to the
anaerobic threshold improves cognitive
performance in elderly females
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The objective of the present study was to compare the effect of acute exercise performed at different intensities in relation to the
anaerobic threshold (AT) on abilities requiring control of executive functions or alertness in physically active elderly females.
Forty-eight physically active elderly females (63.8 + 4.6 years old) were assigned to one of four groups by drawing lots: control
group without exercise or trial groups with exercise performed at 60, 90, or 110% of AT (watts) and submitted to 5 cognitive tests
before and after exercise. Following cognitive pretesting, an incremental cycle ergometer test was conducted to determine AT
using a fixed blood lactate concentration of 3.5 mmol/L as cutoff. Acute exercise executed at 90% of AT resulted in significant
(P < 0.05, ANOVA) improvement in the performance of executive functions when compared to control in 3 of 5 tests (verbal
fluency, Tower of Hanoi test (number of movements), and Trail Making test B). Exercising at 60% of AT did not improve results
of any tests for executive functions, whereas exercise executed at 110% of AT only improved the performance in one of these
tests (verbal fluency) compared to control. Women from all trial groups exhibited a remarkable reduction in the Simple Response
Time (alertness) test (P = 0.001). Thus, physical exercise performed close to AT is more effective to improve cognitive
processing of older women even if conducted acutely, and using a customized exercise prescription based on the anaerobic
threshold should optimize the beneficial effects.
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Introduction

The rapid growth of the elderly population in the world,
and particularly in Brazil (1), has drawn increasing atten-
tion to intervention strategies to improve the quality of life
of this group. Physical exercise has been broadly recom-
mended as a major non-pharmacological measure to pre-
vent several dysfunctions associated with aging, including

Braz J Med Biol Res 42(5) 2009

those related to cognitive performance. However, most
investigations addressing exercise and cognitive perfor-
mance focus on chronic exercise, whereas only a few have
assessed the effects of acute physical exercise on mental
performance in the elderly, with contradictory results (2,3).

Studies using animal models have suggested that, in
addition to increasing the number of cortical capillaries and
the levels of brain-derived neurotrophic factor, chronic
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aerobic exercise may also stimulate neurogenesis and
synaptogenesis and improve learning and cognitive func-
tion (4,5). These observations are scientifically relevant,
as they suggest a neurobiological basis for understanding
cognitive plasticity in humans.

Although the results of previous studies have sug-
gested that older adults who exercise regularly tend to
benefit from an overall slower decline in cognitive function
and have dementia less often (6), there is no agreement
concerning what type of cognitive processing is more
susceptible to the positive effects of aerobic exercise (2,7).
For instance, studies involving tests that require perma-
nent monitoring of the frontal/prefrontal regions of the brain
indicate that aerobic exercise improves executive func-
tions (2,3,8). In contrast, studies using tests in which
continuous alertness is required report that processing
speed is enhanced (9,10).

In view of these results, consensual criteria should be
established regarding the effects of different types of exer-
cise programs on cognition. Several investigators (2,7,
11,12) have suggested that the influence of exercise pro-
tocols should be studied using systematic methods, with
special emphasis on the dose-response relationship be-
tween physical activity and cognition (13,14). In this con-
text, blood lactate concentration has gained significance
as a useful physiologic parameter in the prescription of
physical exercise intensity (15). By measuring blood lac-
tate, researchers are able to identify the exercise intensity
at which the anaerobic threshold occurs, which in turn sets
the moderate and high intensity ranges (16).

To our knowledge, few studies have investigated the
effects of acute exercise at different intensities on abilities
requiring control of executive functions or alertness in
physically active elderly females, and with exercise inten-
sity normalized according to the anaerobic threshold of
each individual. The objective of the present study was to
determine the effects of acute aerobic exercise performed
at different intensities on abilities requiring control of ex-
ecutive functions or alertness in physically active elderly
females.

Material and Methods

Subjects

The sample consisted of 48 women living in the urban
outskirts of the Brazilian Federal District, aged 60 years or
older, and enrolled in the Health Promotion Project for the
Elderly at Universidade Catdlica de Brasilia (UCB), Brasilia,
DF, Brazil (17-19). This particular study included older
women who declared in more than one medical consulta-
tion to have been regular exercisers (muscle stretching
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exercises and walking at least twice a week) for a minimum
of 12 months. Medical examinations were conducted to
exclude individuals with active clinical signs or a history of
diabetes mellitus, uncontrolled blood pressure, cerebral
vascular diseases, and orthopedic/muscular-skeletal limi-
tations. A Brazilian Portuguese version of the Beck De-
pression Inventory (BDI) (20) was administered to identify
depression symptoms, whereas the full version of the
Brazilian version of the Mini-Mental State Examination
(MMSE) (21) was used for cognitive tracking, so that
depression or dementia could be ruled out. In view of the
educational and cultural heterogeneity of the Brazilian
population and the goals of the study, cutoff scores for the
MMSE and BDI were set at 26 and 15 points, respectively.
None of the participants used psychoactive drugs such as
antidepressants, antipsychotics and neuroleptics. The study
protocol was approved by the University Ethics Commit-
tee. Each subject signed a written informed consent form.

Determination of the anaerobic threshold

The incremental cycle ergometer (Model Ergomedic
828, Monark, Sweden) approach was used to determine
the anaerobic threshold (AT), defined as a blood lactate
concentration of 3.5 mmol/L, as well as for indirect determi-
nation of VO, peak (22,23). To determine AT, each partici-
pant underwent a cycle ergometer test consisting of two 5-
min exercise periods at progressive intensities with a 10-
min rest between the two rounds. Exercise intensities were
individually set according to a 15-point rating of perceived
exertion (RPE) (24). Exercise intensity had an RPE of 10-
12 in the first round and an RPE of 14-16 (above the AT) in
the second round.

Capillary blood samples were colleted at rest both
before exercise and at the end of each stage at the 1st, 3rd,
and 5th min of the rest interval. Blood lactate concentra-
tions were determined electroenzymatically (YSI 1500 S
sport lactate analyzer, USA) and the exercise load (watts)
corresponding to the 3.5 mmol/L lactate threshold was
determined by means of linear interpolation.

VO, peak was estimated using the submaximal proto-
col of Astrand et al. (22,23). Participants pedaled for 5 min
at a rate of 50 rev/min (exercise intensity equivalent to 14-
16 RPE). Estimated VO, peak was computed on the basis
of the equation VO, peak = (198-72/HR-72) x VO, load
(VO; load L/min = 0.014 x load (watts) + 0.129), with
adjustment for age. Heart rate (HR) was measured in beats
per minute (bpm), and the mean value obtained for the
rates in the 4th and 5th min was computed.

Exercise bouts with constant or control load
Participants (48) were randomly assigned to one of
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four groups by drawing lots: control group without exercise
and trial groups with exercise performed at intensities
(watts) corresponding to 60, 90, or 110% of the AT. Each
exercise bout on the cycle ergometer consisted of a 5-min
warm-up without load followed by 20 min of exercise with
the trial load. Participants in the control group were in-
structed to remain seated for a time equivalent to that
required for the bouts (25 min). The cognitive performance
tests were administered 8 min after the end of the exercise
to allow HR to return to a resting status (maximally 10%
above each individual baseline rate). Exercise bouts were
performed at least 48 h after AT determination.

Cognitive tests

After the collection of clinical data but before the exer-
cise sessions, participants underwent four random pre-
tests so they could become familiar with the test protocols.
The pretests produced asymptotic learning curves sug-
gesting that they were effective in attenuating the influence
of having to learn the task for subsequent investigation of
the effects of exercise on cognitive performance. All cogni-
tive tests in this investigation have been validated in previ-
ous studies (25). Testing was conducted between 2:00
and 6:00 pm. The following is a brief description of the tests
used.

The Tower of Hanoi test for executive functions re-
quires the ability to plan and organize strategies to attain a
certain objective (26). A wood apparatus (14.76" x 6.5")
was used consisting of four blocks varying in color and
size. The stopwatch went off as the first movement started
and was stopped when the last block was placed on the
tower (s).

The Simple Response Time test is used to investigate
alertness (27). Subjects were told to look at the center of a
color monitor screen and, as fast as they could, press the
space bar of a standard keyboard whenever a square
(0.98" x 0.98") appeared at the center of the screen. The
300-millisecond long presentations were automatically ran-
domized over the twenty trials/test. Test duration was 3
min, and the results were computed as trial means in
milliseconds. Only tests with >95% success were ana-
lyzed.

The Trail Making test is a two-part test for executive
functions that requires efficient cognitive flexibility (28). In
part A, each subject was instructed to use a pencil to
sequentially connect numbered, randomly scattered circles
on a sheet of paper. In part B, letters were added to the test,
so that both series, i.e., numbers and letters (1-A, 2-B, 3-C,
and so on) had to be used to form the correct sequence.
Performance was assessed based on the time (seconds)
spent to complete the test.
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In addition to testing executive functions, the Verbal
Fluency test is also used as a sensitive indicator of frontal
dysfunction since it evaluates responses that primarily
derive from the frontal areas of the human brain (29). Each
subject was told to orally name as many animals as she
could. The final score was computed as the number of
animals recalled, excluding repeated ones. When two
words referred to the same animal (for instance: dog/
bitch), only the first reference was considered. The stop-
watch went off upon an oral command by the tester to start
the test and was stopped after 1 min.

Statistical analysis

Normality of distribution for variables expressing the
sociodemographic characteristics was previously tested
using the Kolmogorov-Smirnov test. Since the distribution
of educational level was non-normal, the Kruskal-Wallis
test was used for comparison between groups in terms of
this variable. The performance in each cognitive test was
computed as the difference between means of the after-
test scoring and the scores obtained in the fourth pre-test
(pre-4) for each subject. This scoring procedure is an
alternative that replaces the ANCOVA pre-test (30) and
represents an additional strategy for controlling the bias of
having to learn the task (31). Effect sizes (Cohen’s d) were
calculated for each variable by dividing the mean differ-
ence by the pooled standard deviation (32).

Analyses of variance (one-way ANOVA) were used for
comparison between groups. When significant differences
were found, Bonferroni’s multiple comparison test adjusted
to a significance level of P < 0.05 was used for identifica-
tion of relevant contrasts. The statistical package SPSS
version 8.0 was used for data analysis.

Results

Among 70 volunteers, 48 elderly females (63.8 + 4.6
years old) met the inclusion criteria and were included in
the study. The control and experimental groups had similar
sociodemographic characteristics (P > 0.05; Table 1),
indicating that the control group was acceptable for the
purposes of the study. Besides normalization of the an-
aerobic threshold using lactate measurements, HR was
assessed immediately after the exercise bout to confirm
that the acute intervention had produced a significant
physiological response. Significant differences (P < 0.001)
were detected when the groups exercising at 60% (118.8 +
3.5 bpm), 90% (124.6 + 21.0 bpm), and 110% (139.8 +
26.0 bpm) of AT were compared to the control group (87.8
+ 13.0 bpm).

Table 2 presents the results of the cognitive tests
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applied before and after exercise to the control and trial
groups. Acute exercise conducted at 90% of AT signifi-
cantly improved the performance of executive functions
compared to the control group in 3 (verbal fluency, Tower
of Hanoi test - number of movements, and Trail Making test
- part B) of the 5 tests performed. A remarkable reduction
in the Simple Response Time test (P = 0.001) was ob-
served in all experimental groups compared to control.
Exercise performed at 110% of AT tended either to be less
advantageous or to have an adverse effect.

461

Discussion

The results of this investigation suggest that acute
physical exercise may improve alertness and the process-
ing of executive functions in physically active elderly fe-
males. The present study represents an important new
contribution to the literature since its experimental design
allowed us to demonstrate that both executive functions
and alertness are directly and simultaneously enhanced
by an acute exercise intervention. Previous studies of the

Table 1. Sociodemographic data for the control and trial groups.

Exercise intensity in relation to anaerobic threshold

Control (N =12)

60% (N = 12) 90% (N=12)  110% (N = 12)

Age (years) 62.2 + 4.4
Educational level (school years) 8323
MMSE (scores) 269 14
BDI (scores) 8.3 £ 21
VO3 peak (L/min) 22.8 £ 3.9
BMI (kg/m?2) 240 £+ 24

65.9 + 3.6 63.8 £ 4.9 63.1 + 5.1
88 + 1.6 88 +13 87+24
276 £ 1.0 271 £ 11 27.2+15
9.1+£22 84 +28 8.1+34
20.6 £ 6.2 222 +£59 23.2+45
263 £ 25 242 £ 32 243 + 3.6

Data are reported as means + SD. MMSE = Mini-Mental State Examination; BDI = Beck Depression Inventory; VO
= estimated VO3 peak; BMI = body mass index. The Kruskal-Wallis test was used to analyze educational level. One-
way ANOVA was used for all other data. There were no statistically significant differences between groups.

Table 2. Cognitive performance of elderly women exercising above and below their anaerobic threshold.

Control 60% 90% 110% P
Pre-4 After ES Pre-4 After ES Pre-4 After ES Pre-4 After ES
SRT (ms) 373.8+ 383.2+ 0.51 366.2+ 363.8+ -0.09 368.8+ 3485+ -0.89 370.2+ 358.6+ -0.49 0.001
19.0 18.0 26.0 26.02 20.4 25.2ab 22.4 24.92
Verbal fluency 178+ 17.1+ -0.19 16.0x 176+ 040 166+ 19.8+ 1.07 17.8+ 222+ 0.84 0.001
(No. of words) 3.1 3.8 3.8 4.1 3.4 2.7¢ 4.8 8.82
Tower of Hanoi 199+ 205+ 0.14 183+ 182% -0.04 19.7+ 183+ -0.60 19.2+ 20.0x 0.18 0.001
(No. of movements) 3.9 4.2 2.4 2.1 2.5 2.0@ 2.6 6.6
Tower of Hanoi (s) 79.2+ 874+ 028 803+ 764+ -008 692+ 61.0+ -0.38 1035+ 1159+ 0.18 0.02
26.1 32.3 45.2 43.4 24.2 18.3d 66.0 70.2
TMT (Part A; s) 781+ 786+ 0.03 69.1+ 656+ -022 762+ 664+ -044 698+ 71.0+ 0.06 0.06
16.1 16.5 15.9 15.2 22,7 21.4 21.2 19.7
TMT (Part B; s) 156.8+ 165.0+ 0.21 1432+ 137.8+ -0.15 1434+ 131.7+ -0.28 160.4+ 168.6+ 0.11 0.001
43.9 32.7 39.1 33.3 47.6 36.62.d.e 72.8 71.0

Data are reported as means + SD. ES = effect size; SRT = Simple Response Time test; TMT = Trail Making test. 2P < 0.01 compared
to control; PP < 0.01 compared to the group exercising at 60% of anaerobic threshold (AT); P < 0.05 compared to control; 9P < 0.05
compared to the group exercising at 110% of AT; P < 0.05 compared to group exercising at 60% of AT. One-way ANOVA was used
for comparison between groups with Bonferroni’s multiple comparison test when significant differences were found.
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effects of chronic exercise on comparable variables can-
not claim to have demonstrated this relationship because
the processing of executive functions and attentional re-
sponses may be the result of interdependent, incremental
effects of these functions on one another during a long-
term exercise program. This fact makes it difficult to estab-
lish a cause and effect relationship.

Specifically, exercise at 90% of AT (~50% VO, peak)
was more appropriate for optimizing the performance of
executive functions (up to 16.4%). Previous studies ad-
dressing different populations and employing different trial
protocols have also demonstrated improved cognitive per-
formance in participants submitted to intensities between
40-60% VO, peak (10,11,32). With regard to executive
function tests, our results are consistent with those of
previous studies addressing the acute effects of either
aerobic exercise (8) or regular programs aiming to achieve
cardiovascular fitness (33).

According to Chmura et al. (33), cortical neuroelectric
activity increases with increasing intensity of physical ex-
ercise, but reaches levels that favor cognitive performance
at moderate intensities. This may explain the poorer per-
formance in the present study of the group exercising at
110% of AT (~60% VO, peak) compared to the 90% group.
Furthermore, it has been suggested that exercising above
AT is associated with decreased pH and depletion of
alkaline stores (16), which may explain why in the present
study exercising below the AT (90%) tended to be more
effective than exercising above the AT (110%) in potentiat-
ing the performance of more complex cognitive tasks such
as the Trail Making test - part B (Table 2). Itis widely known
that cerebral acidosis depresses, while alkalosis enhances,
neuronal excitability mediated via voltage-gated Na*, K*,
or Ca2?* channels, even when pH changes within a physi-
ological range (pH 6-8) (34).

Exercise intensity at the onset of blood lactate accumu-
lation has long been considered to correspond to the AT.
According to Heck et al. (35), the blood lactate concentra-
tion to be considered for determination of the onset of
blood lactate accumulation is 3.5 and 4.0 mM if the dura-
tion of incremental stages is about 3 and 5 min, respective-
ly. We chose the concentration 3.5 mM because the aging
process is associated with lower lactacidemia, especially
in women (36), and a fixed concentration of 4 mmol/L may
overestimate the exercise intensity required to reach AT in
our subjects, as observed in a pilot study.

Particularly interesting were the results involving the
alertness level of subjects when indirectly assessed via
latency of responses in the Simple Response Time test.
For instance, when the groups exercising close to AT are
compared to the control group and to the group at 60% of
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AT (~22% VO, peak), the former groups experienced a
considerable reduction in the latency of responses (up to
5.5%). This behavior suggests that a certain level of physi-
cal stress is required to make up for the negative effects
resulting from the repetitive nature of this test of alertness.

Differently from us, Hillman et al. (8) failed to detect the
effect of acute physical exercise on the response time.
According to these investigators, the benefits of aerobic
exercise are selective for executive control functions. These
discrepancies may result in part from methodological dif-
ferences: Hillman et al. (8) administered the cognitive test
about 48 min after exercise, whereas in our investigation
the tests were performed about 8 min after the interven-
tion. This interval was defined on the basis of pre-testing
assessments showing that 8 min were sufficient to reduce
the HR of each subject to baseline levels. Although there is
no consensus on how physical activity close to AT im-
proves the speed of cognitive processing, it has been
suggested that the concentration of central and peripheral
catecholamines in response to aerobic exercise is associ-
ated with the activation of the central nervous system (37)
and with improved performance in the time of response
tests (38). Considered that, interpretation of the present
results can rely on the assumption that increased circulat-
ing adrenaline induced by physical activity triggers signifi-
cant cognitive changes in humans. However, since the
noradrenergic concentration quickly returns to baseline
values, it is of key importance to identify the best time to
administer tests requiring processing speed (10). It should
be noted that a placebo effect is unlikely to have occurred
in the present study, as the group exercising at 60% of AT
did not demonstrate improved results in the battery of
cognitive tests for executive functions.

Thus, we conclude that exercise conducted below AT
is more effective to improve different aspects of cognitive
processing in elderly women. Moreover, our results sug-
gest that physical exercise is beneficial for cognitive per-
formance even if conducted acutely, and that optimization
based on the anaerobic threshold is suitable for a custom-
ized prescription. This study had the limitation of evaluat-
ing blood lactate solely for prescription of exercise inten-
sity, based on the decision to minimize physical and/or
psychological stress in the subjects. Since the study was
carried out with a group of physically active females, the
present conclusions are not necessarily valid for male or
sedentary subjects or for other modalities of physical exer-
cise. Moreover, additional studies should be conducted to
compare the effects of chronic exercise at different intensi-
ties in relation to AT on the cognitive performance of
elderly people.

Taken together, our results suggest that the practice of
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aerobic exercise at an elevated but not exhaustive level of
intensity may be employed as a non-pharmacological
measure to enhance attentional phenotypes as well as
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