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Introduction
Prolonged time in the sitting position leads to adverse 
health outcomes associated with increased morbidity 
and mortality risk1. Thus, frequent interruptions (breaks) 
of prolonged sitting have been recommended, mainly 
by walking of light-intensity and short-duration1. 
Studies have reported beneficial effects in different 
cardiometabolic parameters after walking sitting breaks2,3. 
Other modalities of exercise, such as isometric exercise 
have increased the interest of investigators because 
of their positive effects on different health parameters 

such as muscle strength and blood pressure4,5. Indeed, 
different meta-analyses have indicated that isometric 
exercise is an effective exercise strategy to decrease blood 
pressure in normotensive and hypertensive subjects5,6, 
serving as an adjunct exercise modality. It is known that 
hypertension can cause alterations in cerebral artery 
structure and function7, which can impair cerebral blood 
flow and consequently impair cognition8. Thus, isometric 
exercise could be proposed not only as an adjunct exercise 
modality, but also as an alternative sitting break strategy 
to counteract sedentary behaviour.

Acute effects of breaking up sitting time with 
isometric exercise on cognition in healthy adults
Efeitos agudos de interrupções do tempo sentado com exercício isométrico na 
cognição de adultos saudáveis
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ABSTRACT
The aim of this study was to analyze the acute effects of different sitting break strategies on cogni-
tion in healthy adults. Twelve physically inactive adults (8 women, 28 ± 9 years; 25.10 ± 4.90 kg/m²) 
randomly completed three 3-hour conditions: 2-min isometric leg extension exercise sitting breaks 
at 30% of maximal voluntary contraction every 30-min; 2-min light-intensity walking sitting breaks 
every 30-min; sitting without breaks. Stroop and Eriksen-Flanker tests were used to measure cog-
nition before and after conditions. Generalized estimated equations were used to analyze cognition 
responses. Data are presented as mean ± standard deviation. Stroop congruent phase decreased for all 
conditions (Isometric: 1.56 ± 0.20s Pre vs 1.49 ± 0.12s Post; Walking: 1.67 ± 0.22s Pre vs 1.54 ± 0.19s 
Post; Control: 1.69 ± 0.24s Pre vs 1.59 ± 0.26s Post; p = 0.044). There were no significant effects on 
Stroop incongruent phase, Stroop effect, or Eriksen-Flanker (p > 0.05 for all). In conclusion, walking 
or isometric exercise sitting breaks do not acutely improve cognition in healthy adults.

Keywords: Cognitive function; Sedentary behavior; Exercise.

RESUMO
Este estudo teve como objetivo analisar os efeitos agudos de diferentes estratégias de interrupções do tempo 
sentado na cognição de adultos saudáveis. Doze adultos jovens e fisicamente inativos (8 mulheres, 28 ± 9 
anos; 25,10 ± 4,90 kg/m²) realizaram três sessões de 3 horas de duração em ordem randomizada: 2-min de 
interrupção com exercício isométrico de extensão de joelho a 30% a contração voluntária máxima a cada 30 
min; 2-min de interrupções com caminhada de leve intensidade a cada 30 min; tempo sentado sem interrup-
ções. Os testes de Stroop e Eriksen-Flanker foram utilizados para medir a cognição antes e depois das sessões 
experimentais. Equações estimadas generalizadas foram utilizadas para analisar as respostas da cognição. 
Os dados estão apresentados em média ± desvio padrão. O tempo de reação da fase congruente do teste de 
Stroop diminuiu após todas as sessões (Isométrico: 1,56 ± 0,20s Pré vs 1,49 ± 0,12s Pós; Caminhada: 1,67 
± 0,22s Pré vs 1,54 ± 0,19s Pós; Controle: 1,69 ± 0,24s Pré vs 1,59 ± 0,26s Pós; p = 0,044). Não houve 
efeitos significantes para a fase incongruente do teste de Stroop, para o efeito Stroop ou para o teste de Erik-
sen-Flanker (p > 0,05 para todos). Em conclusão, interrupções do tempo sentado com caminhada ou exercício 
isométrico não melhoram agudamente a cognição de adultos saudáveis.

Palavras-chave: Função cognitiva; Comportamento sedentário; Exercício.
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In this context, recent studies have also indicated 
that prolonged sitting may lead to a deterioration in 
cognition9,10. Although some studies have observed 
attenuation of deleterious effects on cognition or even 
positive effects on cognition after breaking up sitting 
with walking11-13, recent reviews9,14 demonstrated that a 
conclusion cannot be taken due to the heterogeneity of 
sitting break protocols performed among the studies. 
Thus, it is still relevant to verify whether the sitting 
break strategies (i.e., walking and isometric exercise) 
could prevent or attenuate a possible deleterious effect 
of prolonged sitting on cognition.

Based on this evidence, it can be proposed that both 
walking and isometric exercise could be useful sitting 
break strategies to minimize possible deleterious ef-
fects of prolonged sitting on cognition. Thus, the aim 
of this study was to verify the acute effects of breaking 
up prolonged sitting with walking or isometric exer-
cise on cognition in healthy adults.

Methodological Procedures

Experimental design
This study is a randomized crossover trial about a 
subset of variables of a study that was published 
earlier in which healthy and sedentary individuals 
were recruited to participate between May 2019 and 
December 202015. This manuscript was prepared 
following the Consolidated Standars of Reporting 
Trials (CONSORT) guidelines16.

Participants
As previously described15, participants were recruited on 
the surroundings of the University and in social media 
platforms. The inclusion criteria, determined by self-
declaration, were: a) do not present high cardiovascular risk 
(i.e., signs or symptoms and/or cardiovascular, metabolic, 
renal, or pulmonary disease), b) do not participate in an 
exercise program for at least six months, c) occupational 
activity that requires more than six hours in the sitting 
position per day, d) do not be a smoker or be in current 
use of medication. The study was approved by the Nove 
de Julho University Research Ethics Committee (CAAE: 
01385718.2.1001.5511) and all participants were 
clarified about the experimental proceedings and signed 
the written informed consent previously to participation.

Experimental protocol
As previously explained15, before the experimental 

conditions, the subjects also received instructions 
that included do not exercise or ingest caffeinated 
or alcoholic beverages in the 24 hours before the 
experimental conditions. Also, the subjects were 
familiarized with cognitive tests up to 24 hours before 
the performance of the first experimental condition.

The experimental conditions had a duration of 
approximately five hours, in total. The conditions were 
performed during the morning, starting between 7:00 
and 8:00 h, with at least two days of intervals between 
them, and the temperature of the laboratory was kept 
between 20 and 22⁰C.

After the initial measurement period, the subjects were 
submitted to the experimental conditions, composed of 
three hours in the sitting position, that were performed 
in randomized order, as previously described15:

•	 Control condition – Three hours in the sitting posi-
tion with no breaks;

•	 Isometric condition – Three hours in the sitting 
position with two minutes of isometric bilateral 
leg extension exercise breaks at 30% of the maxi-
mal voluntary contraction (MVC) every 30 min-
utes. The exercise was performed on a leg exten-
sion exercise machine located in a room adjacent 
to the room where the main condition took place 
(≈ 10-meter distance), at a 60º extension. Before 
the main experimental condition, the MVC test 
was performed in three attempts, each lasting five 
seconds, with a one-minute interval between them. 
While on the machine, the participants were asked 
to perform the extension until reaching the angle 
previously determined, and then hold to their max-
imal (Five-second MVC) or relative strength (Two 
minutes at 30% of MVC) during their respective 
periods. The machine weight was held at maximum 
capacity so the participants could not perform 
dynamic movements, serving as the resistance to 
maintain the isometric contraction. To quantify the 
strength performed in every contraction, we used a 
load cell coupled to the leg extension exercise ma-
chine, and a specific software was also used for visu-
al and numerical verification of strength (EMGapp 
by EMG System do Brasil LTDA).

•	 Walking condition - Three hours in the sitting po-
sition with two minutes of light-intensity walking 
breaks every 30 minutes. In this condition, par-
ticipants walked at a normal pace similar to their 
usual walking velocity during the day, in a corri-
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dor just outside the room the condition took place. 
To ensure the participants performed the walking 
break on the time determined, the distance needed 
to walk during the two minutes and return to the 
room was determined during the first sitting break 
and maintained on the following breaks.

As previously described15, we have determined three 
hours in the sitting position for all the conditions because 
it is shown that periods of prolonged uninterrupted 
sitting over 1-hour lead to impairments in cognition9,10. 
The isometric protocol was chosen based on previous 
evidence that shows that isometric exercise typically 
consists of contractions lasting two minutes, sustained 
at 20-50% of MVC17, so we selected this protocol in 
order to be in accordance with the previous studies. 
As for the walking condition, we sought to equalize 

the volume with the isometric condition, and to use a 
light-intensity walk to simulate normal daily walking, 
to standardize the sitting break conditions protocol. The 
30-minute interval between sitting breaks was chosen 
as it was a very frequent interval modulation used in 
previous studies, and also because there is evidence 
showing beneficial effects on different health parameters 
when using this interval between sitting breaks12,15.

The order of the conditions was determined 
through simple automatic randomization (www.ran-
domizer.org), and there were at least 48 hours between 
each experimental condition. Cognition was measured 
at the start (Pre) and end (Post) of every experimental 
condition. The experimental design of the study is pre-
sented in Figure 1.

During the experimental conditions, the 
participants were allowed to freely move their upper 

Figure 1 – Experimental design of the study.
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and lower limbs and were also allowed to read and 
use the phone or computer during the sitting period. 
The participants were allowed to go to the bathroom 
ad libitum but were strongly advised to go before and 
after the sitting period, especially before the control 
condition to avoid the need to go to the bathroom 
during the uninterrupted sitting period. Also, during 
the conditions under which the participants performed 
sitting breaks, they were allowed to go to the bathroom 
after performing the sitting break and then return to 
the sitting position. All participants performed a total 
of six interruptions during the sitting break conditions. 
The participants went to the bathroom walking15.

Cognition
As mentioned above, the participants were familiar-
ized with cognitive tests up to 24 hours before the per-
formance of the first experimental condition. The cog-
nitive tests were performed by the participants during 
the first and the last 10 minutes of the sitting period, 
starting with the Stroop test immediately followed by 
the Eriksen-Flanker test. The tests were performed in 
an adequately lit room, in an environment free from 
noise with a controlled temperature to prevent distrac-
tions and increase the level of comfort of the partici-
pants. The researcher who applied the cognitive tests 
was not blinded to the experimental conditions, how-
ever posterior data extraction was labelled according to 
the order of the experimental conditions, and the data 
analysis was performed following this labelling pattern.

Stroop test
The Stroop test18 was administered individually using 
a computer. The test was composed of three phases: 
in the first phase, the participants, according to the 
appearance of one of the colors (i.e., yellow, blue, green, 
and red), selected the presented color in a square on the 
computer screen (Congruent); in the second phase, the 
participants selected the color written on the screen 
(Congruent); and the third phase, the participants 
selected the color of the word presented on the screen 
(Incongruent). The participants were instructed in 
every phase to select the alternatives as fast and as 
correctly as they could. If there was no answer in 4000 
milliseconds or the answer was incorrect, the score was 
considered incorrect. Answers below 150 milliseconds 
were not registered. Also, the Stroop effect was 
calculated by subtracting the average time taken to 
complete the second phase minus the average time to 

complete the third phase of the test.

Eriksen-Flanker test
The Eriksen-Flanker test19 was also performed using a 
computer. The participants were instructed to answer 
as fast and as correctly as they could, pressing the 
corresponding key on the computer. Each of the stimuli 
was comprised of five letters disposed of horizontally, 
where the participants had to press the corresponding 
key according to the letter located on the central part 
(e.g., BBXBB; VVCVV; XXVXX; CCBCC), ignoring 
the adjacent letters. As soon as a key was pressed, the 
next stimulus was presented. If the participants did not 
answer the stimulus in two seconds, it was omitted, 
and the next stimulus started. The test was divided into 
congruent and incongruent phases. In the congruent 
phase, the target letter was surrounded by identical 
letters (e.g., XXXXX or CCCCC). In the incongruent 
phase, the target letter was surrounded by letters 
corresponding to the same direction (e.g., VVBVV) or 
of a different direction (e.g., XXBXX).

Statistical analysis
Data are presented as mean ± standard deviation. Data 
normality was verified through the Shapiro-Wilk test 
and visual inspection of histograms. The homogeneity 
of variance between the experimental conditions was 
analyzed through the Levene test. One-way ANOVA 
or Kruskall-Wallis tests were used to compare baseline 
values among experimental conditions, based on data 
normality. Generalized estimated equations were used 
to compare the effects of the experimental conditions 
on the cognitive variables, followed by a post-hoc of 
pairwise comparisons using the Bonferroni correction 
for multiple comparisons. Also, net effects were 
calculated as the difference between the sitting break 
conditions and the control condition and due to its 
non-parametric aspect, the independent samples 
Mann-Whitney U test was used to compare the net 
effects between the isometric and walking conditions. 
The degree of agreement of the variables was estimated 
by the Intraclass Correlation Coefficient (ICC). ICC 
estimates and their 95% confidence intervals were 
calculated based on a mean-rating (k = 3), absolute 
agreement, 2-way mixed-effects model. Values less than 
0.5 are indicative of poor reliability, values between 0.5 
and 0.75 indicate moderate reliability, values between 
0.75 and 0.9 indicate good reliability, and values greater 
than 0.90 indicate excellent reliability20.

https://creativecommons.org/licenses/by/4.0/
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The Statistical Package for the Social Sciences 
(SPSS Version 20.0 for Windows) was used for the 
analyses. For all the analyses, a p < 0.050 was considered 
statistically significant.

Results
The study flowchart is presented in Figure 2. In to-
tal, 14 subjects were recruited, with 12 concluding the 
three experimental conditions. Two participants did 
not complete the study due to personal reasons.

Figure 2 – Flowchart of the study.

The sample characteristics are presented in Table 1. 
The sample was comprised of young adults, with most 
being women, with incomplete university education, 
normal weight and waist circumference.

Table 1 -  General sample characteristics (n = 12).

Variables Values

Gender, Women 8

Age, Years 28 ± 9

Educational Level, %

Incomplete University education 58

University education 42

Anthropometry

Body mass index, Kg/m² 25.10 ± 4.90

Waist circumference, cm 80 ± 13

Values presented in absolute frequency; mean ± standard deviation.

The baseline values of the cognitive variables among 

the experimental conditions for the Stroop and Erik-
sen-Flanker tests, along with the normality results for 
each variable are presented in Table 2. No significant 
baseline differences were observed among conditions 
(p > 0.05), and normality was varied.

Table 2 - Baseline values of the cognitive variables among the 
experimental conditions for the Stroop and Eriksen-Flanker tests 
(n = 12).

Variables Isometric Walking Control p p 
Normality

Stroop

Congruent, seg 1.6 ± 0.2 1.7 ± 0.2 1.7 ± 0.2 0.392 0.098

Incongruent, seg 1.9 (0.4) 2.0 (0.8) 2.2 (0.7) 0.790 0.027

Stroop effect, seg 0.4 ± 0.3 0.4 ± 0.4 0.4 ± 0.3 0.607 0.096

Congruent, 
correct 24 (1) 24 (0) 24 (0) 0.811 <0.001

Congruent, 
incorrect 0 (1) 0 (2) 0 (1) 0.811 <0.001

Incongruent, 
correct 11 (2) 10 (3) 12 (2) 0.172 <0.001

Incongruent, 
incorrect 1 (2) 2 (3) 0 (2) 0.172 <0.001

Eriksen-Flanker

Compatible, ms 684 ± 92 681 ± 90 670 ± 81 0.913 0.059

Incompatible, ms 689 ± 85 711 ± 85 693 ± 83 0.783 0.783

Flanker effect, 
ms 27 (53) 22 (37) 23 (56) 0.460 0.003

Total time, ms 693 ± 86 710 ± 101 685 ± 77 0.775 0.555

Values presented in mean ± standard deviation or median (inter-
quartile range).

The results of the reaction time for the congruent 
and incongruent phases of the Stroop test, along with 
the Stroop effect are presented in Figure 3. The results 
indicated only a time effect for the congruent phase, 
with all the conditions presenting a significant reduc-
tion in reaction time (Isometric: 1.56 ± 0.20 s Pre vs 
1.49 ± 0.12 s Post; Walking: 1.67 ± 0.22 s Pre vs 1.54 ± 
0.19 s Post; Control: 1.69 ± 0.24 s Pre vs 1.59 ± 0.26 s 
Post; p = 0.044) [Figure 3A]. There were no condition, 
time, or interaction effects for the incongruent phase 
of the Stroop test [Figure 3B] or for the Stroop effect 
[Figure 3C] (p > 0.050 for all).

No significant effects were found for the number 
of correct answers from the congruent phase of the 
Stroop test (p > 0.050), while there was a significant 
condition effect for the number of correct answers for 
the incongruent phase, indicating a higher number of 
correct answers for the control condition in compari-
son to the walking condition (Isometric: 11 ± 2 Pre vs. 
11 ± 1 Post, Walking: 10 ± 2 Pre vs. 11 ± 3 Post, Con-
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trol: 11 ± 1 Pre vs. 12 ± 0 Post; p = 0.018) [Table 3].

Figure 3 – Stroop test reaction time responses for the congruent 
and incongruent phases, along with the Stroop effect among the ex-
perimental conditions, analyzed by generalized estimated equations. 
Values presented in mean ± standard deviation. C – Condition. 
T – Time. CxT – Condition x Time interaction. * - Significantly 
different from Pre.

The net effect results for the Stroop test were also 
calculated (Figure 4). No significant differences were 
observed between the sitting break conditions for any 
of the Stroop test variables (p > 0.050 for all).

No significant differences were observed between 
the sitting break conditions for any of the Erik-

sen-Flanker test variables (p > 0.050 for all) [Table 4]. 

Table 4 - Response of the Eriksen-Flanker test variables among the 
experimental conditions (n = 12).

Variables Pre Post p

Compatible, ms

Isometric 684 ± 92 649 ± 83 C = 0.967

Walking 681 ± 90 652 ± 63 T = 0.279

Control 669 ± 81 674 ± 82 CxT = 0.648

Incompatible, ms

Isometric 689 ± 85 676 ± 83 C = 0.868

Walking 711 ± 85 677 ± 60 T = 0.299

Control 693 ± 83 684 ± 80 CxT = 0.821

Flanker effect, ms

Isometric 2 ± 46 27 ± 41 C = 0.641

Walking 30 ± 34 25 ± 41 T = 0.835

Control 23 ± 82 10 ± 60 CxT = 0.387

Total time, ms

Isometric 693 ± 86 662 ± 79 C = 0.905

Walking 711 ± 101 664 ± 66 T = 0.135

Control 685 ± 77 682 ± 67 CxT = 0.618

Values presented in mean ± standard deviation; C = Condition; T = 
Time; CxT = Condition x Time interaction.

We also performed reliability analyses for the cog-
nitive test variables in the baseline condition periods 
(Table 5). The results indicated adequate reliability 
among the different days on which they were measured 

Table 3 – Response of the Stroop test correct and incorrect answers 
among the experimental conditions (n = 12).

Variables Pre Post p

Congruent - Correct

Isometric 24 ± 0 24 ± 0 C = 0.568

Walking 24 ± 1 24 ± 1 T = 0.681

Control 24 ± 0 24 ± 0 CxT = 0.955

Congruent – Incorrect

Isometric 0 ± 0 0 ± 0 C = 0.568

Walking 0 ± 1 0 ± 1 T = 0.681

Control 0 ± 0 0 ± 0 CxT = 0.955

Incongruent - Correct

Isometric 11 ± 2 11 ± 1 C = 0.018

Walking 10 ± 2 11 ± 3 T = 0.110

Control 11 ± 1 12 ± 0 CxT = 0.925

Incongruent – Incorrect

Isometric 1 ± 2 1 ± 1 C = 0.018

Walking 2 ± 2 1 ± 3 T = 0.110

Control 1 ± 1 0 ± 0 CxT = 0.925

Values presented in mean ± standard deviation.
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(p < 0.050 for all).

Discussion
The main finding of this study was that prolonged un-
interrupted time in the sitting position does not lead to 
an acute impairment in the Stroop and Eriksen-Flank-
er cognitive performance and that breaking up pro-
longed sitting with walking or isometric exercise does 
not modify acute performance in these cognitive tests.

Previous studies that aimed to verify the acute 

effects of prolonged sitting and sitting breaks with 
either walking, calf raises, or calisthenics on cognition 
using the Stroop or Eriksen-Flanker tests have found 
results somewhat in line with the results of the present 
study. Regarding the studies that used walking as a sit-
ting break strategy, Chrismas et al.12 showed that break-
ing up sitting with three minutes of moderate-intensity 
walking every 30 minutes led to lower values in the in-
congruent reaction time phase of the Stroop test, but 
that there was no actual impairment on cognition after 
the control condition. Other studies that used walking 
as a sitting break strategy did not find any significant 
effects for either the Stroop21 or Eriksen-Flanker21,22 
tests with either moderate22 or light intensity21 walking 
every 30 min21 or every hour22. Regarding the studies 
that used sitting break strategies other than walking, 
Stoner et al.23 found a lower reaction time for the Stroop 
test during three hours of uninterrupted sitting in 
comparison to sitting interrupted by calf raises, however, 
there was no significant effect after both experimental 
conditions in this variable. Moreover, Sperlich et al.24 
did not find any significant effects for the Stroop test 
after breaking up prolonged sitting with high-intensity 
calisthenics24. Most of these previous studies have used 
walking as a sitting break strategy12,21,22. In this context, 
the novel aspect of our study was to verify whether 
the use of isometric exercise as a sitting break strategy 
would promote additional benefits on cognition 
as compared to walking and uninterrupted sitting. 
However, similarly to the studies that used calf raises 
and calisthenics we did not find any significant effects 
of breaking up prolonged sitting with isometric exercise 
on cognition. This demonstrates that there is still a need 
of investigating which sitting break strategies would be 
more effective in preventing the impact of prolonged 
uninterrupted sitting on cognition. 

The lack of significant changes observed in our study 

Figure 4 – Net effect responses for the congruent and incongruent 
phases, along with the Stroop effect among the experimental condi-
tions, analyzed by the independent samples Mann-Whitney U test. 
Values presented in median (interquartile range).

Table 5 - Reliability of the cognitive test variables.

Variables ICC (95% CI)
F Test With True Value 0

Value df1 df2 p

Stroop

Congruent 0.920 (0.778; 0.997) 12.501 10 20 0.001

Incongruent 0.843 (0.564; 0.954) 6.366 10 20 0.001

Eriksen-Flanker

Compatible 0.603 (-0.051; 0.876) 2.518 11 22 0.031

Incompatible 0.816 (0.513; 0.942) 5.434 11 22 0.001

Total Time 0.806 (0.487; 0.939) 5.159 11 22 0.001

ICC = Intraclass correlation coefficient; CI = Confidence interval.
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and in others in terms of prolonged uninterrupted 
sitting and different sitting break strategies may have 
been influenced by some factors, such as the cognitive 
tests employed and the duration of the experimental 
conditions, along with age, health status and 
educational level of the participants. In general, the 
studies that used the Stroop or Eriksen-Flanker tests 
have exposed the participants only up to seven hours 
of uninterrupted sitting, which leads to the question of 
whether longer acute periods of uninterrupted sitting 
could have led to different results. In addition, these 
tests evaluate the executive function and inhibitory 
control, which are different aspects of cognition from 
other studies that used either a cognitive performance 
battery (Cogstate) to assess psychomotor function, at-
tention, executive function, visual learning and work-
ing memory11,13 or the digit symbol substitution test 
to assess executive function and working memory25. 
Most of these other studies observed that breaking 
up sitting with walking was effective in improving 
executive function, working memory, and psychomotor 
function11,13. Further, most of the studies included 
healthy young adults with high levels of education 
which may have also influenced the results12,22-24. 
In this context, previous studies have shown that a 
measurable decline in cognition occurs with aging26 
and in subjects with lower educational levels27. Taken 
together, this evidence demonstrates that further 
experimental investigation with longer experimental 
conditions, older non-healthy populations, and 
individuals with lower educational levels are needed to 
further investigate the effects of prolonged sitting and 
sitting breaks on cognition28.

In our study we found that the reaction time for 
the congruent phase of the Stroop test significantly 
decreased after all the experimental conditions, 
indicating an improvement. It can be argued that 
a learning effect could have occurred in all the 
experimental conditions. The learning effect is 
characterized as a significant improvement in the 
performance of cognitive tests as the number of 
repetitions increases until the score cannot change 
anymore and reaches stability29. Since the congruent 
phase is the easiest phase of the test, and the sample 
was comprised of healthy participants mostly with 
a high level of education, this could have explained 
a learning effect on the second Stroop trial after all 
the experimental conditions. In this context, future 
studies should consider implementing strategies that 

could prevent the learning effect, such as allowing 
participants to perform cognitive tests several times 
before the experimental conditions.

This study has limitations that need to be mentioned, 
and some of then were already highlighted15. There is 
no blinding of the assessor during the experimental 
conditions, which could have impacted the results. Even 
so, we chose not to label the experimental conditions 
during data analysis to decrease the influence of the 
sitting break conditions on the results. The fact that the 
sample size calculation was initially performed for a 
different outcome may impact the statistical power and 
generalizability of the results. This study was comprised 
of only healthy young subjects and that all participants 
had a somewhat higher level of education, which limits 
the generalization of the results to other populations 
such as patients with cognitive impairment and subjects 
with lower educational levels. Further, the acute design 
of the study does not permit us to verify the long-term 
effects of prolonged sitting and different strategies 
of sitting breaks on cognition. The three-hour dura-
tion of the experimental conditions could be seen as 
a limitation since adults usually spend longer periods 
(6-8 hours) in sedentary behavior and could not reflect 
the average daily sitting time, although a recent study 
showed that Brazilian adults spent, approximately, 2.5 
h in sedentary bouts per day30. Finally, the use of an 
exercise machine for the isometric exercise limited the 
ecological validity of the study, as not all environments 
would have this type of machine. However, we chose to 
use the exercise machine due to the need to objectively 
measure the exercise load to determine whether this 
intensity would be sufficient to lead to significant 
effects on cognitive function.

Even with these limitations, this study brings novel 
information regarding the effects of sitting breaks on 
cognitive function. This is the first study to investigate 
the effects of breaking up prolonged sitting with iso-
metric exercise on cognitive function, which due to its 
apparent ineffetiveness could lead to the use of other 
types of isometric exercises (e.g., isometric free weight 
exercises, isometric wall squat) as possible alternatives 
to try to prevent the deleterious effects of prolonged 
sitting on cognitive function.

In conclusion, prolonged uninterrupted sitting does 
not seem to lead to an acute impairment in the cog-
nition of healthy adults, while breaking up prolonged 
sitting with walking or isometric exercise does not lead 
to an acute improvement in cognition.
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