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Abstract

In recent years, the control of physiological processes has been strengthened, which show metabolic changes that can 
generate effects at a neuronal level. Our objective is to review what has been described as conscious breathing theory and 
how this can affect cognitive tasks, which have been described as very affected in adults and which reduce with age. How-
ever, we have begun to understand a new phenomenon of andragogic learning, which indicates that the task of learning 
must be understood differently, and that attention is something that must be understood as something that does not decrease 
with age but changes. It also seems that conscious breathing tasks can improve this type of task and that it can be bene-
ficial. What has been published suggests that breathing, or at least conscious breathing exercise, improves certain cellular 
and neuronal capacities and that this can lead to real changes in cognitive tasks in adults.
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Revisión sistemática, efecto de la respiración consciente en la atención de los adultos 
y tarea de aprendizaje

Resumen

En los últimos años se ha potenciado el control de los procesos fisiológicos, que muestran cambios metabólicos que pueden 
generar efectos a nivel neuronal. Nuestro objetivo es revisar lo que se ha descrito como teoría de la respiración consciente 
y cómo ésta puede afectar a las tareas cognitivas, que se han descrito como muy afectadas en los adultos y que se redu-
cen con la edad. Sin embargo, hemos empezado a comprender un nuevo fenómeno de aprendizaje andragógico, que indi-
ca que la tarea de aprendizaje debe entenderse de forma diferente, y que la atención es algo que debe entenderse como 
algo que no disminuye con la edad, sino que cambia. También parece que las tareas de respiración consciente pueden 
mejorar este tipo de tareas y que pueden ser beneficiosas. Lo que se ha publicado sugiere que la respiración, o al menos 
el ejercicio de respiración consciente, mejora ciertas capacidades celulares y neuronales y que esto puede llevar a cambios 
reales en las tareas cognitivas en los adultos.
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General ideas

For several years, attempts have been made to rec-
oncile meditation tasks and cognitive function. However, 
it has been difficult to reconcile esoteric definitions with 
the real scientific background; we can observe in this 
type of exercise 1. Luckily, and driven by various re-
searchers, more pragmatic study methods have recently 
been applied to this type of activity and we can indicate 
a relation between physiological balance states, second-
ary to conscious breathing activities, and beneficial ef-
fects with cognitive tasks2. This review aims to present 
psychological, physiological, and neurophysiological ev-
idence of the advantage of conscious breathing practice 
on cognitive tasks, particularly learning in the adults.

The task of learning and the andragogy

Defining this activity is complex, with various view-
points according to the professional area which studies 
it. These are all variables to respect, but I must agree 
on one to define it. A decision, we would like to con-
struct, is that learning will be any stimulus generating 
a behavioral change which leads to survival3. These 
ideas have also been reinforced by the introduction of 
the concept of synaptic plasticity4 and have been re-
viewed as an important and fundamental phenomenon 
for the task of learning5. Thus, this neurophysiological 
phenomenon will be a focus for observing adults when 
we consider the task of conscious breathing.

The history of definitions of education is long. Within 
it, pedagogy or teaching has been installed as educa-
tion for children perpetuated in various models6. How-
ever, the concept of andragogy arose with strength in 
the 1960s, as a new identity for who was to be taught7. 
This model was taken as teaching adults, but neurobi-
ological concepts let us redefine it as the process of 
educating a mature, full, and conscious brain, some-
thing which arises once this organ is already mature, 
and the ego emerges8. Learning in adults, andragogy 
recognizes the importance of tutor participation as an 
extrinsic motivator7, which concurs with support in guid-
ed information searches9. It defines learning in context, 
which suggests that continuous learning exists, where 
in any moment; we can acquire new skills10.

Attention as a complex task, description 
on adults

Within the task of learning, attention is a phenome-
non to be studied11 as we can define this concept in 

neurosciences. We can use the concept that attention 
is a form of feedback, of self-stimulating learning pro-
cesses12. Thus, we can think of it as a part of learning 
and deem it important to develop to achieve better 
learning task performance13.

Attention is a fundamental axis of the teaching-learn-
ing process, and in this way, we will consider it to be 
selective14. Furthermore, implicit learning modulates 
the assignation of attention in the first stages of the 
perceptive processing of learning and will become im-
plicit only when attending to the relevant predictive in-
formation15. The information is redundant because its 
subjects can, in principle, select the right answer based 
on only one of these signs and ignore the others, so 
that consequently this signal is learned and the others 
are not14. This could basically be solved in adult indi-
viduals and is achieved in the selection of tasks which 
are known and to a lesser degree with new tasks. Sub-
jects can also learn about stimuli which do not reach 
consciousness, particularly when they are near the 
perception threshold and are combined with a reward16, 
a topic which becomes relevant in earlier stages of life. 
Attention, environment, and reward jointly determine 
how we learn and are some of the factors determining 
neuronal plasticity17, which makes it even more import-
ant to investigate new learning environments and their 
determining factors, such as attentive breathing.

Imaging changes in learning tasks

There is apparently an idea that learning new tasks 
become harder with aging, especially those tasks de-
pending on the hippocampus and structures related to 
the medial temporal lobe to form episodic or declarative 
memories. It has even been suggested that age-related 
cognitive deficits begin at age 2018. Various studies 
suggest that not only are there changes in cerebral 
microstructure and volume manifesting in cognitive 
function shifts19 but also metabolic changes20. De-
creased cerebral mass and diminished cognitive func-
tion are often seen with advanced age20. Therefore, it 
is important to distinguish between metabolic changes 
in the brain caused by healthy aging and pathological 
states21.

Conscious breathing, physiology and 
molecular changes

The term meditation covers a wide range of mental 
training practices varying between cultures and tradi-
tions. They go from techniques for promoting physical 
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health, relaxation, or improved concentration, develop-
ing an improved sensation of well-being and cultivating 
altruistic behavior22. Meditation is generally associated 
with a concurrent state of greater waking conscious-
ness and lower metabolic activity, leading to better 
physical health, psychological balance, and emotional 
stability23. Mindfulness meditation is a promising basis 
for interventions, with particular potential relevance for 
psychiatric comorbidity. The successes and challenges 
of researching mindfulness meditation are based on the 
interactions between contemplative traditions and clin-
ical psychological science24. The conclusions of these 
studies determined that attention is the fundamental 
process strengthened in these interventions25. To un-
derstand this, we can investigate that evidence exists 
supporting mindfulness-based cognitive therapy for 
treating depression26 and obsessive-compulsive disor-
der. At present, there are studies about its efficacy on 
chronic and terminal diseases. This marks it as effec-
tive technique which can help cultivate positive mental 
health in normal individuals27 and be an effective in-
strument regarding preventive medicine and public 
health.

Studies suggest that long-term meditation practice 
can reduce stress reactions, a fall in reduction-oxida-
tion metabolic conditions and could be therapeutically 
beneficial in chronic inflammatory conditions character-
ized by neurogenic inflammation28. The cumulative ef-
fects of regular mediation practice may, in the long run, 
help improve the physiochemical conditions where syn-
apses occur and could represent a useful preventive 
strategy for age-related chronic diseases29. Even so, 
there is still much to study given the technical limita-
tions and molecular changes which mindfulness prac-
tice and conscious breathing could induce, but we may 
directly infer that metabolic changes improve synaptic 
tasks and that this improves the task of learning. Med-
itation and conscious breathing measurements suggest 
that this metabolic change occurs and that we can infer 
cognitive improvement.

Conscious breathing and cognitive effects

Studies suggest that mental training, meditation, and 
other similar tasks may be used as tools in neurosci-
entific studies of the brain and cognitive plasticity30. 
The brain changes as a function of experience or learn-
ing, dependent on stimuli, creating changes in neuronal 
pathways,31 and deeper molecular remodeling giving 
evidence of the phenomenon of metaplasticity32. There-
fore, some authors mention in their publications that 

some cognitive processes and executive functions can 
be improved with meditation, secondary to synaptic 
changes. A study was done on adolescents where the 
participants (N = 198 adolescents) were randomly as-
signed to mindfulness meditation, hatha yoga, or a 
control group. The mindfulness meditation group par-
ticipants showed significant improvements in their 
working memory, unlike the control and hatha yoga 
groups33. Other short-term meditation studies show 
that meditation improves executive functions, including 
attention and working memory processes. However, 
they argue that it is unclear how much contextual ef-
fects contribute to these improvements34, although we 
can suggest metabolic changes related to improved 
synaptic function.

Consequently, meditation training improves perfor-
mance on tasks evaluating attention, control, and mem-
ory function35. To explain these effects, current theo-
retical models emphasize attention as the central 
component influenced by meditation36. However, can it 
impact adult learning enough to be used within teach-
ing-learning processes? Apparently, studies confirm 
that these individuals improve performance related to 
sequence repetition, allowing for the implementation of 
response-based planning, and generating benefits from 
learning them37.

There is evidence suggesting positive physical and 
psychological clinical results from meditation. These 
studies show relief for clinical disorders, including anx-
iety and depression38, eating disorders, addictions and 
disorders caused by psychoactive drug use39, stress 
normalization, arterial pressure and cholesterol levels, 
and cardiovascular disease prevention40, of how it 
could improve metabolic states, diminishing reduc-
tion-oxidation balance, which has been suggested to 
modulate synaptic function, with effects on what we 
consider the base of learning, metaplasticity41. It has 
also been suggested that its effect is achieved by low-
ering the intensity of emotional excitement; therefore, 
the task of meditation not only allows us to infer an 
improved physicochemical environment where synaps-
es occur, but also to achieve better balance in the au-
tonomous system, allowing us to indicate an improved 
learning environment. For this reason, since 1996, Va-
rela has spoken about neurophenomenology, regarding 
consciousness studies where subjective experience 
and brain dynamics are integrated, allowing for simul-
taneous measurement of subjective experience (expe-
riential correlations), phenomenological correlations, 
and neurophysiological correlations for the same time 
period or event42. In this, the state produces a change 
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in brain activity together with a phenomenological 
change according to the qualitative research done with 
people in hypnosis or meditation43.

Electrophysiological and imaging 
evidence

In 2011, Hölzel, et al. analyzed magnetic resonance 
images and compared cortical density, before and after 
meditation training, and found structural changes which 
are secondary to increased synaptic connections in med-
itators. These changes are represented by an increased 
amount of grey matter in the left hippocampus, the pos-
terior cingulate cortex, the temporoparietal union and the 
cerebellum, all areas involved in learning, memory pro-
cessing, and emotional regulation44. The increased hip-
pocampal structure may be secondary to the activation 
of the hippocampus. This change in function could be 
related to the consolidation of declarative memory long-
term memory, such as the recovery of spatial information 
coding and autobiographical memory45. Researchers 
have also documented the effects of meditation on spa-
tio-visual memory spatial memory recovery and recogni-
tion of objects and codification of distances between 
reference points46 and the visualization of interior or ex-
terior scenes representing a spatial design47 including the 

imagination and representation of complex scenes48, 
also activating the parahippocampal area, this latter ef-
fect being mainly due to structural changes, but which as 
mentioned are secondary to functional modulations.49

Conclusions

Figure 1 shows a summary of our idea, present now, 
in this review. We suggested some of the cellular efects 
of conscious breathing. Synaptic activity is modulable at 
the molecular level, due to a phenomenon known as 
metaplasticity. Recent evidence indicates that this is an 
ongoing phenomenon in the brain and accounts for learn-
ing in various models. This phenomenon also does not 
disappear, but rather changes its form of stimulation sug-
gesting that it does not decline in age, but rather adapts 
to new conditions, Molecular changes occur in appropri-
ate physiochemical conditions and with the right level of 
attention, especially regulating the autonomous system. 
The tasks of meditation and breathing have been de-
scribed as affecting this type of process, improving met-
abolic parameters and regulating the autonomous sys-
tem, thereby reducing stress. This could allow us to infer 
a mechanism carrying out structural changes in relevant 
brain areas for cognitive task development. These points 
could suggest that conscious breathing activities improve 

Figure 1. The figure is a summary model of our review, where we indicate that the use and development of conscious 
breathing improves cognitive tasks, enabling better behavior in adults. This can be explained by changes in the 
physiological conditions in which metaplastic phenomena occur and we can suggest that learning can be enhanced 
by this type of simple and easy to introduce activity.
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metabolic processes, allowing for improved synaptic 
function modulating remodeling culminating in changes 
in critical brain areas and improved cognitive function. 
This, in the framework of andragogic learning, could be 
a new paradigm for working on adult learning, where 
teaching conscious breathing may be helpful in adults for 
cognitive tasks in a context of new learning.

Funding

This research received the support of Proyecto Inter-
no Universidad Mayor, and Tonalli ltda.

Conflicts of interest

The authors declare that they have no conflict of 
interests.

Ethical disclosures

Protection of human and animal subjects. The 
authors declare that no experiments were performed 
on humans or animals for this study.

Confidentiality of data. The authors declare that no 
patient data appear in this article.

Right to privacy and informed consent. The au-
thors declare that no patient data appear in this 
article.

References
 1. Thompson E, Varela FJ. Radical embodiment: neural dynamics and 

consciousness. Trends Cogn Sci. 2001;5:418-25.
 2. Mosini AC, Saad M, Braghetta CC, Medeiros R, Peres MF, Leao FC. 

Neurophysiological, cognitive-behavioral and neurochemical effects in 
practitioners of transcendental meditation - A literature review. Rev Assoc 
Med Bras (1992). 2019;65:706-13.

 3. Voss P, Thomas ME, Cisneros-Franco JM, de Villers-Sidani É. Dynamic 
brains and the changing rules of neuroplasticity: implications for learning 
and recovery. Front psychol. 2017;8:1657.

 4. Cooke SF, Bliss TV. Plasticity in the human central nervous system. 
Brain. 2006;129:1659-73.

 5. Chavez-Mancilla V, Parodi J. Neurobiological bases of learning and their 
role for the paradigm shift in education. Psychology. 2015;6:9.

 6. Sadaf S, Ali SK, Zuberi RW. Educational models and strategies in heal-
th education. Introduction. Educ Health (Abingdon). 2009;22:96.

 7. Youde A. Andragogy in blended learning contexts: effective tutoring of 
adult learners studying part-time, vocationally relevant degrees at a dis-
tance. Int J Lifelong Educ. 2018;37:255-72.

 8. Wang VC, Storey VA. Andragogy and teaching english as a foreign 
language in China. Ref Libr. 2015;56:295-314.

 9. Watts KA. Tools and principles for effective online library instruction: 
andragogy and undergraduates. J  Libr Inform Serv Distance Learn. 
2018;12:49-55.

 10. Bergman EM, de Bruin AB, Vorstenbosch MA, Kooloos JG, Puts GC, 
Leppink J, et al. Effects of learning content in context on knowledge 
acquisition and recall: a pretest-posttest control group design. BMC Med 
Educ. 2015;15:133.

 11. Hopfinger JB. Introduction to special issue: attention and plasticity. Cogn 
Neurosci. 2017;8:69-71.

 12. Rombouts JO, Bohte SM, Roelfsema PR. How attention can create sy-
naptic tags for the learning of working memories in sequential tasks. 
PLoS Comput Biol. 2015;11:e1004060.

 13. Swingler MM, Perry NB, Calkins SD. Neural plasticity and the develop-
ment of attention: intrinsic and extrinsic influences. Dev Psychopathol. 
2015;27:443-57.

 14. Ahissar M, Hochstein S. Attentional control of early perceptual learning. 
Proc Natl Acad Sci USA. 1993;90:5718-22.

 15. Couperus JW. Implicit learning modulates selective attention at sensory 
levels of perceptual processing. Atten Percept Psychophys. 
2009;71:342-51.

 16. Sasaki Y, Nanez JE, Watanabe T. Advances in visual perceptual learning 
and plasticity. Nat Rev Neurosci. 2010;11:53-60.

 17. Vartak D, Jeurissen D, Self MW, Roelfsema PR. The influence of atten-
tion and reward on the learning of stimulus-response associations. Sci 
Rep. 2017;7:9036.

 18. Salthouse TA. When does age-related cognitive decline begin? Neurobiol 
Aging. 2009;30:507-14.

 19. Raz N, Rodriguez KM. Differential aging of the brain: patterns, cognitive 
correlates and modifiers. Neurosci Biobehav Rev. 2006;30:730-48.

 20. Ding XQ, Maudsley AA, Sabati M, Sheriff S, Schmitz B, Schutze M. 
Physiological neuronal decline in healthy aging human brain-an in vivo 
study with MRI and short echo-time whole-brain (1)H MR spectroscopic 
imaging. Neuroimage. 2016;137:45-51.

 21. Holmes MJ, Robertson FC, Little F, Randall SR, Cotton MF, van der 
Kouwe AJ, et al. Longitudinal increases of brain metabolite levels in 
5-10 year old children. PLoS One. 2017;12:e0180973.

 22. Slagter HA, Davidson RJ, Lutz A. Mental training as a tool in the neuros-
cientific study of brain and cognitive plasticity. Front Hum Neurosci. 
2011;5:17.

 23. Lutz A, Brefczynski-Lewis J, Johnstone T, Davidson RJ. Regulation of 
the neural circuitry of emotion by compassion meditation: effects of 
meditative expertise. PLoS One. 2008;3:e1897.

 24. Wielgosz J, Goldberg SB, Kral TR, Dunne JD, Davidson RJ. Mindful-
ness meditation and psychopathology. Annu Rev Clin Psychol. 
2019;15:285-316.

 25. Dahl CJ, Davidson RJ. Mindfulness and the contemplative life: pathways 
to connection, insight, and purpose. Curr Opin Psychol. 2019;28:60-4.

 26. MacKenzie MB, Abbott KA, Kocovski NL. Mindfulness-based cognitive 
therapy in patients with depression: current perspectives. Neuropsychia-
tr Dis Treat. 2018;14:1599-605.

 27. Sanivarapu S. Free your mind: mindfulness practice of Buddhist philoso-
phy. Indian J Psychiatry. 2016;58:345.

 28. Rosenkranz MA, Lutz A, Perlman DM, Bachhuber DR, Schuyler BS, 
MacCoon DG, et al. Reduced stress and inflammatory responsiveness 
in experienced meditators compared to a matched healthy control group. 
Psychoneuroendocrinology. 2016;68:117-25.

 29. Chaix R, Alvarez-Lopez MJ, Fagny M, Lemee L, Regnault B, Davidson RJ, 
et al. Epigenetic clock analysis in long-term meditators. Psychoneuroen-
docrinology. 2017;85:210-4.

 30. Slagter HA, Lutz A, Greischar LL, Francis AD, Nieuwenhuis S, Davis JM, 
et al. Mental training affects distribution of limited brain resources. PLoS 
Biol. 2007;5:e138.

 31. Lazar SW, Kerr CE, Wasserman RH, Gray JR, Greve DN, Treadway MT, 
et al. Meditation experience is associated with increased cortical thick-
ness. Neuroreport. 2005;16:1893-7.

 32. Yee AX, Hsu YT, Chen L. A metaplasticity view of the interaction between 
homeostatic and Hebbian plasticity. Philos Trans R Soc Lond B Biol Sci. 
2017;372:20160155.

 33. Quach D, Jastrowski Mano KE, Alexander K. A  randomized controlled 
trial examining the effect of mindfulness meditation on working memory 
capacity in adolescents. J Adolesc Health. 2016;58:489-96.

 34. Pratzlich M, Kossowsky J, Gaab J, Krummenacher P. Impact of short-
term meditation and expectation on executive brain functions. Behav 
Brain Res. 2016;297:268-76.

 35. Gallant SN. Mindfulness meditation practice and executive functioning: 
breaking down the benefit. Conscious Cogn. 2016;40:116-30.

 36. Moore A, Gruber T, Derose J, Malinowski P. Regular, brief mindfulness 
meditation practice improves electrophysiological markers of attentional 
control. Front Hum Neurosci. 2012;6:18.

 37. Chan RW, Immink MA, Lushington K. The influence of focused-attention 
meditation states on the cognitive control of sequence learning. Cons-
cious Cogn. 2017;55:11-25.

 38. Manuello J, Vercelli U, Nani A, Costa T, Cauda F. Mindfulness meditation 
and consciousness: an integrative neuroscientific perspective. Conscious 
Cogn. 2016;40:67-78.

 39. Khanna S, Greeson JM. A narrative review of yoga and mindfulness as 
complementary therapies for addiction. Complement Ther Med. 
2013;21:244-52.

 40. Anderson JW, Liu C, Kryscio RJ. Blood pressure response to transcen-
dental meditation: a meta-analysis. Am J Hypertens. 2008;21:310-6.

 41. Crestani AP, Krueger JN, Barragan EV, Nakazawa Y, Nemes SE, Quill-
feldt JA, et al. Metaplasticity contributes to memory formation in the hi-
ppocampus. Neuropsychopharmacology. 2019;44:408-14.

 42. Varela F. Neurophenomenology. A  methodological remedy to the hard 
problem. J Conscious Stud. 1996;3:330-49.



110

Rev Mex Neuroci. 2022;23(3)

 43. Cardena E. The phenomenology of deep hypnosis: quiescent and phy-
sically active. Int J Clin Exp Hypn. 2005;53:37-59.

 44. Holzel BK, Carmody J, Vangel M, Congleton C, Yerramsetti SM, Gard T, 
et al. Mindfulness practice leads to increases in regional brain gray 
matter density. Psychiatry Res. 2011;191:36-43.

 45. Cipolotti L, Moscovitch M. The hippocampus and remote autobiographical 
memory. Lancet Neurol. 2005;4:792-3.

 46. Tsukiura T, Fujii T, Okuda J, Ohtake H, Kawashima R, Itoh M, et al. 
Time-dependent contribution of the hippocampal complex when remem-
bering the past: a PET study. Neuroreport. 2002;13:2319-23.

 47. O’Craven KM, Kanwisher N. Mental imagery of faces and places activa-
tes corresponding stiimulus-specific brain regions. J  Cogn Neurosci. 
2000;12:1013-23.

 48. Hassabis D, Kumaran D, Maguire EA. Using imagination to unders-
tand the neural basis of episodic memory. J  Neurosci. 
2007;27:14365-74.

 49. Lv J, Feng H, Chen L, Wang WY, Yue XL, Jin QH. Activation of beta-adre-
noceptor facilitates active avoidance learning through enhancement of 
glutamate levels in the hippocampal dentate gyrus. Neuroreport. 
2017;28:973-9.


