
Carter, Sophie ORCID logoORCID:
https://orcid.org/0000-0003-2815-7360, Holder, Sophie, Thijssen, 
Dick and Hopkins, Nicola (2019) Taking regular breaks from sitting 
prevents reductions in brain blood flow. Frontiers for Young Minds.  

Downloaded from: https://ray.yorksj.ac.uk/id/eprint/4536/

The version presented here may differ from the published version or version of record. If 

you intend to cite from the work you are advised to consult the publisher's version:

Research at York St John (RaY) is an institutional repository. It supports the principles of 

open access by making the research outputs of the University available in digital form. 

Copyright of the items stored in RaY reside with the authors and/or other copyright 

owners. Users may access full text items free of charge, and may download a copy for 

private study or non-commercial research. For further reuse terms, see licence terms 

governing individual outputs. Institutional Repository Policy Statement

RaY
Research at the University of York St John 

For more information please contact RaY at ray@yorksj.ac.uk

https://www.yorksj.ac.uk/ils/repository-policies/
mailto:ray@yorksj.ac.uk


Author’s Proof

Carefully read the entire proof and mark all corrections in the appropriate place, using the Adobe Reader commenting tools (Adobe Help). Do

not forget to reply to the queries.

We do not accept corrections in the form of edited manuscripts.

In order to ensure the timely publication of your article, please submit the corrections within 48 hours.

If you have any questions, please contact kids.production.office@frontiersin.org.

Author Queries Form

Q1 The citation and surnames of all of the authors have been highlighted.

Please check all of the names carefully and indicate if any are

incorrect. Please note that this may affect the indexing of your article

in repositories such as PubMed.

Q2 Please ask the following authors to register with Frontiers (at https://

www.frontiersin.org/Registration/Register.aspx) if they would like

their names on the article abstract page and PDF to be linked to a

Frontiers profile. Please ensure to provide us with the profile link(s)

when submitting the proof corrections. Non-registered authors will

have the default profile image displayed.

“Sophie M. Holder”

“Dick H. J. Thijssen”

“Nicola D. Hopkins.”

Q3 Kindly confirm if the link given to the corresponding author is fine.

Q4 Ensure that all the figures, tables and captions are correct.

Q5 If you decide to use previously published, copyrighted figures in your

article, please keep in mind that it is your responsibility, as the author,

to obtain the appropriate permissions and licenses and to follow any

citation instructions requested by third-party rights holders. If

obtaining the reproduction rights involves the payment of a fee, these

charges are to be paid by the authors.

Q6 Kindly confirm if the details appearing in the affiliation are fine.

Q7 Please confirm if the text included as “Conflict of Interest Statement”

is fine.

Q8 Please provide glossary words (key concepts with associated

explanations) to this article.

Q9 Please provide high resolution Figure files for Figures 1. Please make

sure to use the original/source files when generating the new Figure.

https://helpx.adobe.com/acrobat/using/mark-text-edits.html
mailto:kids.production.office@frontiersin.org
https://www.frontiersin.org/Registration/Register.aspx
https://www.frontiersin.org/Registration/Register.aspx
https://www.frontiersin.org/Registration/Register.aspx
https://zendesk.frontiersin.org/hc/en-us/articles/115001975425-Do-I-need-to-obtain-copyright-licenses-for-reuse-of-already-published-material-
Sophie
Text Box
I can confirm all names are correct

Sophie
Text Box
Authors are happy to remain non-registered

Sophie
Text Box
I confirm the link is correct 

Sophie
Text Box
I confirm all figures and captions are correct

Sophie
Text Box
Permissions are not required 

Sophie
Text Box
I confirm these details are correct

Sophie
Text Box
I confirm these details are correct

Sophie
Text Box
I have now been produced and is included in the comments

Sophie
Text Box
A new Figure 1 has been produced and attached to the comments



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

HEALTH
Published: xx May 2019

doi: 10.3389/frym.2019.00077
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YOUNG REVIEWERS:

ANEAL

AGE: 15

JEANINE

AGE: 14

Supplying the brain with enough blood flow is essential to keep us

alive and maintain our brain health. Reductions in brain blood flow

can negatively a�ect the ability to think. Decreased blood flow to

the brain can also lead to brain diseases, such as dementia, which

is a condition that causes permanent memory loss and confusion.

Scientists are beginning to think that sitting may be bad for brain

blood flow. Understanding how sitting a�ects the brain is therefore

very important. We conducted a study in which participants either sat

downwithout any breaks for 4h, or sat down but took a short walking

break every 30min, or took a longer walking break every 2h. After

sitting without any breaks, brain blood flow decreased. However,

when participants took a walking break every 30min that prevented

the decrease in brain blood flow. These results suggest we should

encourage people to take regular breaks from sitting to helpmaintain

brain health.

kids.frontiersin.org May 2019 | Volume 07 | Article 77 | 1

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2019.00077
https://kids.frontiersin.org/article/10.3389/frym.2019.00077
https://doi.org/10.3389/frym.2019.00077
https://kids.frontiersin.org/article/10.3389/frym.2019.00077
https://loop.frontiersin.org/people/603972/overview
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2019.00077
https://kids.frontiersin.org/article/10.3389/frym.2019.00077
https://kids.frontiersin.org/article/10.3389/frym.2019.00077


51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

Carter et al. Sitting and Brain Blood Flow

BRAIN BLOOD FLOW:WHY IS IT IMPORTANT?

Blood supplies the brain with the oxygen and nutrients it needs to
carry out its everyday tasks. Providing enough blood to the brain
is therefore essential for the brain to be able to function and to
keep us alive. Over a short time period, decreases in the amount of
blood flowing to the brain can reduce cognition [1], which involves
the mental processes that allow us to think, understand, and learn
information. Reductions in blood flow to the brain that occur over a
long time period may lead to diseases, such as dementia [2], which
is a condition that causes memory loss and confusion, and changes
how a person acts. These symptoms of dementia occur because the
reduction in blood flow means brain cells do not receive the oxygen
and nutrients they require. This lack of oxygen and nutrients can cause
damage to the cells, meaning they cannot carry out their normal tasks
correctly. This decreased blood flow can a�ect the areas of the brain
that have an important role in memory, called the temporal lobes.
It is therefore important to understand how we can avoid decreases
in brain blood flow, in order to prevent diseases like dementia. One
method for keeping a steady blood flow to the brain may be to reduce
our sedentary behavior.

WHAT IS SEDENTARY BEHAVIOR?

Sedentary behavior is any activity while we are awake, when we are
in a sitting, reclining or lying position and using a low amount of
energy. Examples includewatching TV, using the computer, and sitting
on a bus. Humans are becoming more and more sedentary because
fewer and fewer tasks and jobs require us to be active. Research has
shown that, even if we do some form of exercise during the day, if
we are sedentary for the rest of our time, it can still have negative
e�ects on our health. People who spend lots of time sedentary have
increased chances of having a cardiovascular disease (a disease that
a�ects the heart and blood vessels), diabetes (which a�ects the level
of sugar in our blood), and even a shorter life span [3, 4]. Research
tells us that high amounts of sedentary behavior may also reduce
cognitive performance, which is how well a person can think and
learn information [5], and may cause diseases, such as dementia [6].
Understanding how sedentary behavior a�ects the brain is therefore
of great importance.

HOWDIDWESTUDYTHEEFFECTSOFSEDENTARYBEHAVIOR

ON THE BRAIN?

We wanted to investigate if sitting, a sedentary behavior most of us do
every day, has a negative e�ect on brain blood flow. We also wanted
to see whether brain blood flow would change if we reduce the time
we spend sitting, by getting up and taking activity breaks.
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Figure 1

Figure 1

Photograph of aQ4

Q5

Q9

participant having their
brain blood flow
assessed using
transcranial Doppler
ultrasound. The
participant is wearing a
headband around their
head which is holding
an ultrasound probe in
front of their ear.

Fifteen adult o�ce workers who spent a lot of time sitting took part in
our study. On three separate days, our participants completed each of
these conditions:

Condition A: They sat at a desk for 4 h.
Condition B: They sat at a desk for 4 h, but every 30min they got
up and completed a walk on a treadmill for 2min.
Condition C: They sat at a desk for 4 h, but after every 2 h they
got up and completed a walk on a treadmill for 8min.

For Conditions B and C, the total amount of time our participants
spent walking (16min) was the same, however how often participants
took breaks from their sitting to take a walk was di�erent between
the conditions. This allowed us to see whether the frequency of
breaks (how often participants took them) or the length of the
breaks had any e�ect on brain blood flow. While participants were
sitting, they completed activities, such as reading and watching TV.
Participants were not allowed to stand up or walk, except when going
to the toilet.

Before and after each condition, we measured participants’ brain
blood flow using a piece of equipment called a transcranial Doppler
ultrasound. Participants wore a headband around their heads that
held two small ultrasound probes in front of their ears (Figure 1).
An ultrasound probe works by sending out (emitting) sound waves,
although we cannot hear these waves because they are at a too high
frequency for human ears. These waves pass through the skin and
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Figure 2

Figure 2

How ultrasound is used
to measure brain blood
flow. The ultrasound
probe sends out sound
waves (the blue colored
waves), which reflect
o� the blood cells
flowing through the
blood vessel back to
the probe (the purple
colored waves). The
large box on the left
shows a blood vessel
with low blood flow. As
there are only a small
number of blood cells,
only a few sound waves
are reflected back to
the probe. The large
box on the right shows
a blood vessel with
high blood flow. As
there are lots of blood
cells, more sound
waves are reflected
back to the probe. The
smaller boxes show the
blood flow traces that
are generated by the
ultrasound probe.

bounce o� the blood cells that are in blood vessels. When the waves
hit blood cells, they are then reflected back to the probe (Figure 2).
The greater the blood flow through a blood vessel, the more blood
cells there are, meaning more sound waves are reflected. Oppositely,
if there is low blood flow through a blood vessel, there will be fewer
blood cells, so fewer sound waves are reflected. Using ultrasound
probes therefore allowed us to measure the blood flow through the
blood vessels that deliver blood to the brain. In particular, we assessed
a blood vessel called the middle cerebral artery, because this vessel
delivers most (around 70–80%) of the blood flow to the brain.

SITTING AFFECTS BLOOD FLOW TO THE BRAIN

We found that, after sitting without any breaks for 4 h (Condition
A) there was a decrease in brain blood flow. However, when this
sitting time was broken up with the short walking breaks every 30min
(Condition B), this reduction in blood flow was prevented, and instead
a slight increase in blood flow was observed. In contrast, after the
longer walking breaks every 2 h (Condition C), a reduction in brain
blood flow occurred. Consequently, in both conditions that included
long periods of sitting (Conditions A and C), brain blood flow was
acutely reduced. These results suggest that sitting continuously is bad
for brain blood flow, but taking regular, short breaks from sitting can
help maintain blood flow. These results also tell us that, to maintain
brain blood flow, breaking up sitting time often with physical activity is
more important than how long these breaks last.

While our study only assessed a short time period (4 h), if people are
sitting for long periods each day, for example at school or at work,
they may be experiencing short-term decreases in their brain blood
flow every day. Over a period of years, this could lead to a long-term
reduction in brain blood flow, which could cause diseases, such as
dementia. The findings in our study are the starting point for helping
us to understand if and how being sedentary leads to these diseases.
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More research studies need to be carried out to assess the e�ects of
longer periods of sitting on brain blood flow to help us understand
this more.

CONCLUSION

Overall, we found that prolonged sitting causes a short-term reduction
in brain blood flow, but breaking up long periods of sitting by taking
regular walking breaks can prevent this decrease and maintain normal
blood flow to the brain. So, finding ways to help people break up
their sitting often may help to maintain their brain blood flow and
brain health.

Q8
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ANEAL, AGE: 15

I love to push the limits of life itself.

JEANINE, AGE: 14

I am a tenth grader at a very competitive school which means that I always

have to be prepared for what comes next. My favorite subject is biology even

though I seem to do very well in history. Also, I enjoy swimming and being on the

academic team.

In addition, I make time to have lots of fun. My hobbies include, reading fantasy

books, watching documentaries, hanging out with my friends, and eating my

favorite foods.
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