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Persistence of depression requires a personalized treatment
approach

Depression is one of the most common psychiatric disorders
affecting nearly 300 million people worldwide [1]. Not only is
depression highly prevalent, it is also associated with chronicity,
comorbidity, and suicidality, thereby greatly impacting quality
of life. Although many effective treatment options are available
for depression, up to 35% of patients do not respond to first-line
treatment such as psychotherapy and antidepressant medication
[2]. These patients suffer from persistent depression, which is most
commonly operationalized as an inadequate response to at least two
treatment trials of adequate dose and duration. A comprehensive
reassessment of existing treatment approaches to depression is
imperative, particularly those that allow a personalized approach
and that account for the high prevalence of comorbidities we
see in persistent depression. Accessible pharmacological and
psychotherapeutic treatments remain central in the treatment
of persistent depression. However, a way forward is adding or
reorienting towards novel interventions that fit the patient’s life
and clinical profile, and that target transdiagnostic mental health
mechanisms. We are therefore thrilled that there is increasing
focus on personalized therapeutic (augmentation) strategies that
are cost-effective, evidence-based, mechanism-oriented, safe, and
scalable.

Non-invasive brain stimulation (NIBS)

NIBS techniques have emerged as promising tools in this
regard. NIBS aims at modulating brain activity without surgical

intervention or invasive procedures, using electrical, magnetic,
or physical forces [3]. NIBS includes both convulsive and non-
convulsive therapies and has a rich historical context within
Europe. For example, electroconvulsive therapy (ECT) was
introduced by the Italians Cerletti and Bini in 1938 and to date is
still thought to be the most effective biological treatment option in
depression [4].

Transcranial magnetic stimulation (TMS) technologyadvancements
in the 80s were driven by the British neurophysiologist Anthony
Barker and team [5]. Repetitive transcranial magnetic stimulation
(rTMS) is a form of noninvasive neurostimulation that is
increasingly being used in (persistent) depression with promising
effects. The therapeutic effect of rTMS is achieved by delivering
magnetic pulses through a coil that is positioned above the head.
The magnetic field causes an electrical current in the underlying
cortex that modulates neuronal activity also after the stimulation
(for a recent review on rTMS in depression [6]).

Moreover, researchers from Germany have substantially contributed
to the understanding of the mechanisms and applications of low
intensity transcranial electrical stimulation [7,8]. Moreover,
some NIBS techniques can be made widely available and can be
implemented cost-effectively routine clinical care, in contrast to
the invasive deep brain stimulation methods which require surgery
and that are restricted to only a few specialist sites across Europe.
An additional benefit of most NIBS is the potential for at-home
and event long-term use, partly due to technical advances and
tech-literacy improvement of the population.
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Natural brain stimulation by means of physical exercise

This potential for clinical and long-term at-home uptake of NIBS
holds especially true for a natural form of brain stimulation: physical
exercise (PA). PA - planned, structured, and repetitive bodily
movement done to improve or maintain one or more components
of physical fitness [9] - has neuromodulating effects akin to other
NIBS techniques which include the increase of neuroplasticity of
the brain [10-12]. Ancient societies already used PA to improve
mental health [13] and its potential as monotreatment of depression
is widely supported [14-17]. PA’s attractiveness is partly due to its
general health benefits [18], personalization potential, and low-
risk no-side-effect long-term use [14,19].

Brain-state dependency as augmentation strategy

The effect of treatment for persistent depression needs to be
interpreted as an interaction between treatment-induced and
ongoing neural processing. This so-called acute brain state refers
to the current physiological and neurological conditions of the
brain, can indeed influence the effectiveness of brain stimulation
and other forms of treatment. Factors such as mood, stress/arousal
level, and cognitive functioning can all impact how the brain
responds to any form of therapy. This brain-state dependency can
be taken as an augmentation strategy by functionally engaging
specific neural circuits that are relevant for therapy [20]. For
example, the success of cognitive-behavioral therapy (CBT) may
depend on the patient’s cognitive state during therapy sessions
which can be influenced in different ways. Below, we will briefly
highlight the potential of augmenting therapy effects by influencing
the brain state with mood-induction, NIBS and/or PA.

Mood-induction procedures

Our brain favors processing information that is congruent with our
current mood state. Due to mood-repair and emotion regulation
strategies, sad mood states are generally only short-lived.
However, emotional inertia holds that the sad mood state persists in
depression, and influences how internal and external information is
processing including what is presented during e.g., CBT sessions.
Mood induction procedures yield physiological responses and
affect brain activation [21-24] indicating their neuromodulation
potential. To illustrate, some studies have demonstrated that
inducing positive mood can lead to increased activity in brain
regions associated with reward processing, such as the nucleus
accumbens [25], and modulate the functioning of the amygdala
[26,27], which is central to emotional processing. Additionally,
positive mood induction has been linked to heightened activation
in areas responsible for cognitive flexibility and problem-solving,
such as the prefrontal cortex [28].

While newer paradigms include virtual reality to modify mood
states [29], classically, music, emotional images, and imagery-
based autobiographical memory retrieval techniques have been

implemented to alter mood and are relatively easily applied in
clinical and at-home settings [30,31]. Implementing positive
mood-induction procedures to augment depression treatment
effects is still uncommon, but we do see that reactivity to such an
experimental procedure is related to treatment response [32-35]
facilitating personalized prescription and using mood induction
procedures to enhance treatment effects.

Acute effect NIBS

One of the primary targets for treating depression using repetitive
transcranial magnetic stimulation (rTMS) is the dorsolateral
prefrontal cortex (DLPFC). This brain area is a key player in
cognitive control, which is crucial for regulating emotions.
Stimulating the DLPFC with rTMS is believed to enhance
cognitive control, potentially leading to improved mood regulation.
Research has demonstrated that rTMS applied to the left DLPFC
can increase its activity, benefiting both healthy individuals
and those with depression by enhancing cognitive control (for
example: [36]).

Acute effect PA

Along the same line of thought, PA can be a personalized therapy
for persistent depression by considering individual factors such as
fitness level, preferences, and physical limitations. Tailoring the
type, intensity, and duration of exercise to each person’s needs
and capacity can optimize its effectiveness [37]. Additionally,
incorporating elements like social support, goal setting, and
behavioral strategies can enhance adherence and outcomes.
As personalizable brain stimulation technique, PA’s acute
neuroplasticity and cognition enhancing effects are of importance.
The impact of exercise on learning and memory is multifaceted,
involving the release of neurotransmitters, heightened cerebral
blood flow, and other neuroplastic mechanisms [38,39]. The
learning and memory benefits have been observed both for
12-week exercise protocols in depressed patients [40] but are
also already present directly after an exercise session [41,42],
highlighting the acute effect on the individual’s brain state. There
is in fact growing recognition that providing PA with depression
treatments, including CBT, can amplify treatment outcomes [43-
47,39]. PA presents as a potent add-on to improve treatment effects
for persistent depression by directly inducing a positive mood and
plastic brain state.

Thinking modular: Enhancing treatment effects by combining
interventions

Especially if a patient is resistant to initial treatment steps, adding
modules of evidence-based treatments should be considered.
Based on patient preferences and personal and clinical profile,
treatment augmentation strategies can be selected. By combining
these strategies, individuals with depression can potentially
experience a more holistic and personalized treatment approach.
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Brain stimulation can target neural circuitry, physical activity
can boost overall well-being, and mood induction can facilitate
emotional regulation and resilience. When used in conjunction
with traditional therapy modalities such as CBT or medication,
these methods have the potential to enhance treatment outcomes
and promote long-term mental health recovery. Of interest to
this development, is the fact that there is emerging evidence for
not only the enhancing effect of NIBS on common treatments
such as CBT, but also for the combination of brain-and mood-
enhancing strategies. To illustrate, both rTMS and PA may
enhance the effect of mood-induction procedures, subscribing to
its plasticity-, and mood- and stress-relieving mechanisms [48-
50]. Interestingly and relying on the high potential for both update
in routine clinical care and at-home use, also the combination of
neuromodulation (e.g., rTMS) and PA is receiving attention with
theoretical frameworks and empirical evidence supporting their
augmenting neuroplasticity benefits [S1]. Such approaches open
up personalization and enhancement of treatment for patients
with persistent depression...hopefully ‘breaking’ the depression’s
persistence to treatment.

Conflict of Interest: Cite funding etc

JV: Ongoing funding Dutch funding organizations (NWO and
ZonMW funding related to exercise research), other none.

IT: Ongoing funding Dutch funding organizations (ZONMW)
related to NIBS trials, other none.

References

1. Global Health Data Exchange (GHDx) (n.d.). Institute of Health
Metrics and Evaluation. Retrieved July 12, 2022, from: http://ghdx.
healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/
d780dffbe8a381b25e1416884959e88b.

2. Rush AJ, Trivedi MH, Wisniewski SR, Nierenberg AA, Stewart JW, et
al. (2006) Acute and longer-term outcomes in depressed outpatients
requiring one or several treatment steps: A STAR* D report Am J
Psychiatry 163: 1905-1917.

3. Quality Ontario H (2016) Repetitive transcranial magnetic stimulation
for treatment-resistant depression: A systematic review and meta-
analysis of randomized controlled trials. Ont Health Technol Assess
Ser 16: 1-66.

4. Rovers JJE, Vissers P, Loef D, van Waarde JA, Verdijk JPAJ, et al.
(2023) The impact of treatment resistance on outcome and course of
electroconvulsive therapy in major depressive disorder. Acta Psychiatr
Scand 147: 570-580.

5. Corthout E, Barker AT, Cowey A (2001) Transcranial magnetic
stimulation. Which part of the current waveform causes the stimulation?
Exp Brain Res 141: 128-132.

6. Dalhuisen I, van Bronswijk S, Bors J, Smit F, Spijker J, et al. (2022)
The association between sample and treatment characteristics and the
efficacy of repetitive transcranial magnetic stimulation in depression: A
meta-analysis and meta-regression of sham-controlled trials. Neurosci
Biobehav Rev 141: 104848.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lefaucheur JP, Antal A, Ayache SS, Benninger DH, Brunelin J, et
al. (2017) Evidence-based guidelines on the therapeutic use of
transcranial direct current stimulation (tDCS). Clin Neurophysiol 128:
56-92.

Lefaucheur JP, Aleman A, Baeken C, Benninger DH, Brunelin J, et al.
(2020) Evidence-based guidelines on the therapeutic use of repetitive
transcranial magnetic stimulation (rTMS): An update (2014-2018). Clin
Neurophysiol 131: 474-528.

American College of Sports Medicine (2013) ACSM'’s guidelines for
exercise testing and prescription. Lippincott williams & wilkins.

Briichle W, Schwarzer C, Berns C, Schneefeld J, Koester D, et al.
(2021) Physical activity reduces clinical symptoms and restores
neuroplasticity in major depression. Frontiers in Psychiatry 12: 660642.

Heijnen S, Hommel B, Kibele A, Colzato LS (2016) Neuromodulation
of aerobic exercise—A review. Front Psychol 6: 167146.

Jemni M, Zaman R, Carrick FR, Clarke ND, Marina M, et al. (2023)
Exercise improves depression through positive modulation of
brain-derived neurotrophic factor (BDNF). A review based on 100
manuscripts over 20 years. Front Physiol 14: 1102526.

Callaghan P (2004) Exercise: A neglected intervention in mental health
care?. J Psychiatr Ment Health Nurs 11: 476-483.

Cooney GM, Dwan K, Greig CA, Lawlor DA, Rimer J, et al. (2013)
Exercise for depression. Cochrane Database Syst Rev :CD004366.

Kvam S, Kleppe CL, Nordhus IH, Hovland A (2016) Exercise as a
treatment for depression: A meta-analysis. J Affect Disord 202: 67-86.

Morres ID, Hatzigeorgiadis A, Stathi A, Comoutos N, Arpin-Cribbie C,
et al. (2019) Aerobic exercise for adult patients with major depressive
disorder in mental health services: A systematic review and meta-
analysis. Depress Anxiety 36: 39-53.

Noetel M, Sanders T, Gallardo-Gémez D, Taylor P, del Pozo Cruz
B, et al. (2024) Effect of exercise for depression: Systematic review
and network meta-analysis of randomised controlled trials. BMJ 384:
e075847.

Ruegsegger GN, Booth FW (2018) Health Benefits of Exercise. Cold
Spring Harb Perspect Med 8: a029694.

Dauwan M, Begemann MJH, Slot MIE, Lee EHM, Scheltens P, et al.
(2021) Physical exercise improves quality of life, depressive symptoms,
and cognition across chronic brain disorders: A transdiagnostic
systematic review and meta-analysis of randomized controlled trials. J
Neurol 268: 1222-1246.

Sathappan A, Luber B, Lisanby Sarah (2018) The dynamic duo:
Combining noninvasive brain stimulation with cognitive interventions.
Prog Neuropsychopharmacol Biol Psychiatry 89: 347-360.

Berna C, Leknes S, Holmes EA, Edwards RR, Goodwin GM, et al.
(2010) Induction of depressed mood disrupts emotion regulation
neurocircuitry and enhances pain unpleasantness. Biol Psychiatry 67:
1083-1090.

Falkenberg I, Kohn N, Schoepker R, Habel U (2012) Mood induction in
depressive patients: A comparative multidimensional approach. PloS
One 7: €30016.

Harrison BJ, Pujol J, Ortiz H, Fornito A, Pantelis C, et al. (2008)
Modulation of brain resting-state networks by sad mood induction.
PLoS One 3: e1794.

J Psychiatry Cogn Behav, an open access journal

ISSN: 2574 2

Volume 8; Issue 02



https://doi.org/10.29011/2574-7762.000082
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/d780dffbe8a381b25e1416884959e88b
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/d780dffbe8a381b25e1416884959e88b
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/d780dffbe8a381b25e1416884959e88b
https://pubmed.ncbi.nlm.nih.gov/17074942/
https://pubmed.ncbi.nlm.nih.gov/17074942/
https://pubmed.ncbi.nlm.nih.gov/17074942/
https://pubmed.ncbi.nlm.nih.gov/17074942/
https://pubmed.ncbi.nlm.nih.gov/27099642/
https://pubmed.ncbi.nlm.nih.gov/27099642/
https://pubmed.ncbi.nlm.nih.gov/27099642/
https://pubmed.ncbi.nlm.nih.gov/27099642/
https://pubmed.ncbi.nlm.nih.gov/37020420/
https://pubmed.ncbi.nlm.nih.gov/37020420/
https://pubmed.ncbi.nlm.nih.gov/37020420/
https://pubmed.ncbi.nlm.nih.gov/37020420/
https://pubmed.ncbi.nlm.nih.gov/11685417/#:~:text=Accordingly%2C TMS would be elicited,phase of the induced current.
https://pubmed.ncbi.nlm.nih.gov/11685417/#:~:text=Accordingly%2C TMS would be elicited,phase of the induced current.
https://pubmed.ncbi.nlm.nih.gov/11685417/#:~:text=Accordingly%2C TMS would be elicited,phase of the induced current.
https://pubmed.ncbi.nlm.nih.gov/36049675/
https://pubmed.ncbi.nlm.nih.gov/36049675/
https://pubmed.ncbi.nlm.nih.gov/36049675/
https://pubmed.ncbi.nlm.nih.gov/36049675/
https://pubmed.ncbi.nlm.nih.gov/36049675/
https://pubmed.ncbi.nlm.nih.gov/27866120/
https://pubmed.ncbi.nlm.nih.gov/27866120/
https://pubmed.ncbi.nlm.nih.gov/27866120/
https://pubmed.ncbi.nlm.nih.gov/27866120/
https://pubmed.ncbi.nlm.nih.gov/31901449/
https://pubmed.ncbi.nlm.nih.gov/31901449/
https://pubmed.ncbi.nlm.nih.gov/31901449/
https://pubmed.ncbi.nlm.nih.gov/31901449/
https://www.scirp.org/reference/referencespapers?referenceid=1924560
https://www.scirp.org/reference/referencespapers?referenceid=1924560
https://pubmed.ncbi.nlm.nih.gov/34177647/
https://pubmed.ncbi.nlm.nih.gov/34177647/
https://pubmed.ncbi.nlm.nih.gov/34177647/
https://pubmed.ncbi.nlm.nih.gov/26779053/
https://pubmed.ncbi.nlm.nih.gov/26779053/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10030936/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10030936/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10030936/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10030936/
https://pubmed.ncbi.nlm.nih.gov/15255923/
https://pubmed.ncbi.nlm.nih.gov/15255923/
https://pubmed.ncbi.nlm.nih.gov/24026850/
https://pubmed.ncbi.nlm.nih.gov/24026850/
https://pubmed.ncbi.nlm.nih.gov/27253219/
https://pubmed.ncbi.nlm.nih.gov/27253219/
https://pubmed.ncbi.nlm.nih.gov/30334597/
https://pubmed.ncbi.nlm.nih.gov/30334597/
https://pubmed.ncbi.nlm.nih.gov/30334597/
https://pubmed.ncbi.nlm.nih.gov/30334597/
https://pubmed.ncbi.nlm.nih.gov/38355154/
https://pubmed.ncbi.nlm.nih.gov/38355154/
https://pubmed.ncbi.nlm.nih.gov/38355154/
https://pubmed.ncbi.nlm.nih.gov/38355154/
https://pubmed.ncbi.nlm.nih.gov/28507196/
https://pubmed.ncbi.nlm.nih.gov/28507196/
https://pubmed.ncbi.nlm.nih.gov/31414194/
https://pubmed.ncbi.nlm.nih.gov/31414194/
https://pubmed.ncbi.nlm.nih.gov/31414194/
https://pubmed.ncbi.nlm.nih.gov/31414194/
https://pubmed.ncbi.nlm.nih.gov/31414194/
https://pubmed.ncbi.nlm.nih.gov/30312634/
https://pubmed.ncbi.nlm.nih.gov/30312634/
https://pubmed.ncbi.nlm.nih.gov/30312634/
https://pubmed.ncbi.nlm.nih.gov/20303069/
https://pubmed.ncbi.nlm.nih.gov/20303069/
https://pubmed.ncbi.nlm.nih.gov/20303069/
https://pubmed.ncbi.nlm.nih.gov/20303069/
https://pubmed.ncbi.nlm.nih.gov/22253861/
https://pubmed.ncbi.nlm.nih.gov/22253861/
https://pubmed.ncbi.nlm.nih.gov/22253861/
https://pubmed.ncbi.nlm.nih.gov/18350136/
https://pubmed.ncbi.nlm.nih.gov/18350136/
https://pubmed.ncbi.nlm.nih.gov/18350136/

Citation: Tendolkar [, Vrijsen JN (2024) Not too late: Towards Personalized Treatment of Persistent Depression Using Neuromodulating Augmentation
Strategies. J Psychiatry Cogn Behav 7: 182. DOI: https://doi.org/10.29011/2574-7762.000082

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kohn N, Falkenberg |, Kellermann T, Eickhoff SB, Gur RC, et al.
(2014) Neural correlates of effective and ineffective mood induction.
Soc Cogn Affect Neurosci 9: 864-872.

Young CB, Nusslock R (2016) Positive mood enhances reward-related
neural activity. Soc Cogn Affect Neurosci 11: 934-944.

Dyck M, Loughead J, Kellermann T, Boers F, Gur RC, et al. (2011)
Cognitive versus automatic mechanisms of mood induction
differentially activate left and right amygdala. Neuroimage 54: 2503-
2513.

Stuhrmann A, Dohm K, Kugel H, Zwanzger P, Redlich R, et al. (2013)
Mood-congruent amygdala responses to subliminally presented facial
expressions in major depression: Associations with anhedonia. J
Psychiatry Neurosci 38: 249-258.

Wang Y, Chen J, Yue Z (2017) Positive emotion facilitates cognitive
flexibility: An fMRI study. Frontiers in Psychology 8: 272735.

Diniz Bernardo P, Bains A, Westwood S, Mograbi DC (2021) Mood
induction using virtual reality: A systematic review of recent findings.
Journal of Technology in Behavioral Science 6: 3-24.

Westermann R, Spies K, Stahl G, Hesse FW (1996) Relative
effectiveness and validity of mood induction procedures: A metall
analysis. European Journal of Social Psychology 26: 557-580.

Joseph DL, Chan MY, Heintzelman SJ, Tay L, Diener E, et al. (2020)
The manipulation of affect: A meta-analysis of affect induction
procedures. Psychol Bull 146: 355-375.

Dalhuisen |, Schutte C, Bramson B, Roelofs K, van Eijndhoven P, et
al. (2023) Studying additive effects of combining rTMS with cognitive
control training: A pilot investigation. Front Hum Neurosci 17: 1201344.

Pearlstein JG, Staudenmaier PJ, West AE, Geraghty S, Cosgrove
VE (2020) Immune response to stress induction as a predictor of
cognitive-behavioral therapy outcomes in adolescent mood disorders:
A pilot study. J Psychiatr Res 120: 56-63.

Segal ZV, Gemar M, Williams S (1999) Differential cognitive response
to a mood challenge following successful cognitive therapy or
pharmacotherapy for unipolar depression. J Abnorm Psychol 108:
3-10.

Segal ZV, Kennedy S, Gemar M, Hood K, Pedersen R, et al. (2006)
Cognitive reactivity to sad mood provocation and the prediction of
depressive relapse. Arch Gen Psychiatry 63: 749-755.

Neacsiu AD, Luber BM, Davis SW, Bernhardt E, Strauman TJ, et al.
(2018) On the concurrent use of self-system therapy and functional
magnetic resonance imaging-guided transcranial magnetic stimulation
as treatment for depression. J ECT 34: 266-273.

Buford TW, Roberts MD, Church TS (2013) Toward exercise as
personalized medicine. Sports Med 43: 157-165.

Basso JC, Shang A, Elman M, Karmouta R, Suzuki WA (2015) Acute
exercise improves prefrontal cortex but not hippocampal function in
healthy adults. J Int Neuropsychol Soc 21: 791-801.

Moriarty TA, Mermier C, Kravitz L, Gibson A, Beltz N, et al. (2019)
Acute aerobic exercise based cognitive and motor priming: Practical
applications and mechanisms. Front Psychol 10: 2790.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ren FF, Hillman CH, Wang WG, Li RH, Zhou WS, et al. (2024)
Effects of aerobic exercise on cognitive function in adults with major
depressive disorder: A systematic review and meta-analysis. Int J Clin
Health Psychol 24: 100447.

Roig M, Nordbrandt S, Geertsen SS, Nielsen JB (2013) The effects
of cardiovascular exercise on human memory: A review with meta-
analysis. Neurosci Biobehav Rev 37: 1645-1666.

Smith PJ, Blumenthal JA, Hoffman BM, Cooper H, Strauman TA, et
al. (2010) Aerobic exercise and neurocognitive performance: A meta-
analytic review of randomized controlled trials. Psychosom Med 72:
239-252.

Bourbeau K, Moriarty T, Ayanniyi A, Zuhl M (2020) The combined
effect of exercise and behavioral therapy for depression and anxiety:
Systematic review and meta-analysis. Behav Sci (Basel) 10: 116.

Heinzel S, Schwefel M, Sanchez A, Heinen D, Fehm L, et al. (2022)
Physical exercise training as preceding treatment to cognitive
behavioral therapy in mild to moderate major depressive disorder: A
randomized controlled trial. J Affect Disord 319: 90-98.

Recchia F, Leung CK, Chin EC, Fong DY, Montero D, et al. (2022)
Comparative effectiveness of exercise, antidepressants and their
combination in treating non-severe depression: A systematic review
and network meta-analysis of randomised controlled trials. Br J Sports
Med 56: 1375-1380.

Szuhany KL, Otto MW (2020) Efficacy evaluation of exercise as an
augmentation strategy to brief behavioral activation treatment for
depression: A randomized pilot trial. Cogn Behav Ther 49: 228-241.

Thomas J, Thirlaway K, Bowes N, Meyers R (2020) Effects of
combining physical activity with psychotherapy on mental health and
well-being: A systematic review. J Affect Disord 265: 475-485.

Basso JC, Suzuki WA (2017) The effects of acute exercise on mood,
cognition, neurophysiology, and neurochemical pathways: A review.
Brain Plast 2: 127-152.

Mata J, Hogan CL, Joormann J, Waugh CE, Gotlib IH (2013) Acute
exercise attenuates negative affect following repeated sad mood
inductions in persons who have recovered from depression. J Abnorm
Psychol 122: 45-50.

Méobius M, Lacomble L, Meyer T, Schutter DJ, Gielkens T, et al. (2017)
Repetitive transcranial magnetic stimulation modulates the impact of
a negative mood induction. Soc Cogn Affect Neurosci 12: 526-533.

Morava A, Dillon K, Sui W, Alushaj E, Prapavessis H (2024) The effects
of acute exercise on stress reactivity assessed via a multidimensional
approach: A systematic review. J Behav Med 1-21.

Evancho A, Tyler WJ, McGregor K (2023) A review of combined
neuromodulation and physical therapy interventions for enhanced
neurorehabilitation. Front Hum Neurosci 17: 1151218.

J Psychiatry Cogn Behav, an open access journal

ISSN: 2574-7762

Volume 8; Issue 02



https://doi.org/10.29011/2574-7762.000082
https://pubmed.ncbi.nlm.nih.gov/23576810/
https://pubmed.ncbi.nlm.nih.gov/23576810/
https://pubmed.ncbi.nlm.nih.gov/23576810/
https://pubmed.ncbi.nlm.nih.gov/26833919/
https://pubmed.ncbi.nlm.nih.gov/26833919/
https://pubmed.ncbi.nlm.nih.gov/20946960/
https://pubmed.ncbi.nlm.nih.gov/20946960/
https://pubmed.ncbi.nlm.nih.gov/20946960/
https://pubmed.ncbi.nlm.nih.gov/20946960/
https://pubmed.ncbi.nlm.nih.gov/23171695/
https://pubmed.ncbi.nlm.nih.gov/23171695/
https://pubmed.ncbi.nlm.nih.gov/23171695/
https://pubmed.ncbi.nlm.nih.gov/23171695/
https://www.researchgate.net/publication/320741856_Positive_Emotion_Facilitates_Cognitive_Flexibility_An_fMRI_Study
https://www.researchgate.net/publication/320741856_Positive_Emotion_Facilitates_Cognitive_Flexibility_An_fMRI_Study
https://link.springer.com/article/10.1007/s41347-020-00152-9
https://link.springer.com/article/10.1007/s41347-020-00152-9
https://link.springer.com/article/10.1007/s41347-020-00152-9
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-0992(199607)26:4%3C557::AID-EJSP769%3E3.0.CO;2-4
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-0992(199607)26:4%3C557::AID-EJSP769%3E3.0.CO;2-4
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-0992(199607)26:4%3C557::AID-EJSP769%3E3.0.CO;2-4
https://pubmed.ncbi.nlm.nih.gov/31971408/
https://pubmed.ncbi.nlm.nih.gov/31971408/
https://pubmed.ncbi.nlm.nih.gov/31971408/
https://pubmed.ncbi.nlm.nih.gov/37584029/
https://pubmed.ncbi.nlm.nih.gov/37584029/
https://pubmed.ncbi.nlm.nih.gov/37584029/
https://pubmed.ncbi.nlm.nih.gov/31634750/
https://pubmed.ncbi.nlm.nih.gov/31634750/
https://pubmed.ncbi.nlm.nih.gov/31634750/
https://pubmed.ncbi.nlm.nih.gov/31634750/
https://pubmed.ncbi.nlm.nih.gov/10066988/
https://pubmed.ncbi.nlm.nih.gov/10066988/
https://pubmed.ncbi.nlm.nih.gov/10066988/
https://pubmed.ncbi.nlm.nih.gov/10066988/
https://pubmed.ncbi.nlm.nih.gov/16818864/
https://pubmed.ncbi.nlm.nih.gov/16818864/
https://pubmed.ncbi.nlm.nih.gov/16818864/
https://pubmed.ncbi.nlm.nih.gov/30308570/
https://pubmed.ncbi.nlm.nih.gov/30308570/
https://pubmed.ncbi.nlm.nih.gov/30308570/
https://pubmed.ncbi.nlm.nih.gov/30308570/
https://pubmed.ncbi.nlm.nih.gov/23382011/
https://pubmed.ncbi.nlm.nih.gov/23382011/
https://pubmed.ncbi.nlm.nih.gov/26581791/
https://pubmed.ncbi.nlm.nih.gov/26581791/
https://pubmed.ncbi.nlm.nih.gov/26581791/
https://pubmed.ncbi.nlm.nih.gov/31920835/
https://pubmed.ncbi.nlm.nih.gov/31920835/
https://pubmed.ncbi.nlm.nih.gov/31920835/
https://pubmed.ncbi.nlm.nih.gov/38371396/#:~:text=Results indicated that aerobic exercise,CI %3D 0.04%2C 0.20).
https://pubmed.ncbi.nlm.nih.gov/38371396/#:~:text=Results indicated that aerobic exercise,CI %3D 0.04%2C 0.20).
https://pubmed.ncbi.nlm.nih.gov/38371396/#:~:text=Results indicated that aerobic exercise,CI %3D 0.04%2C 0.20).
https://pubmed.ncbi.nlm.nih.gov/38371396/#:~:text=Results indicated that aerobic exercise,CI %3D 0.04%2C 0.20).
https://pubmed.ncbi.nlm.nih.gov/23806438/
https://pubmed.ncbi.nlm.nih.gov/23806438/
https://pubmed.ncbi.nlm.nih.gov/23806438/
https://pubmed.ncbi.nlm.nih.gov/20223924/
https://pubmed.ncbi.nlm.nih.gov/20223924/
https://pubmed.ncbi.nlm.nih.gov/20223924/
https://pubmed.ncbi.nlm.nih.gov/20223924/
https://pubmed.ncbi.nlm.nih.gov/32674359/
https://pubmed.ncbi.nlm.nih.gov/32674359/
https://pubmed.ncbi.nlm.nih.gov/32674359/
https://pubmed.ncbi.nlm.nih.gov/36113693/
https://pubmed.ncbi.nlm.nih.gov/36113693/
https://pubmed.ncbi.nlm.nih.gov/36113693/
https://pubmed.ncbi.nlm.nih.gov/36113693/
https://pubmed.ncbi.nlm.nih.gov/36113975/
https://pubmed.ncbi.nlm.nih.gov/36113975/
https://pubmed.ncbi.nlm.nih.gov/36113975/
https://pubmed.ncbi.nlm.nih.gov/36113975/
https://pubmed.ncbi.nlm.nih.gov/36113975/
https://pubmed.ncbi.nlm.nih.gov/31357916/
https://pubmed.ncbi.nlm.nih.gov/31357916/
https://pubmed.ncbi.nlm.nih.gov/31357916/
https://pubmed.ncbi.nlm.nih.gov/32090775/
https://pubmed.ncbi.nlm.nih.gov/32090775/
https://pubmed.ncbi.nlm.nih.gov/32090775/
https://pubmed.ncbi.nlm.nih.gov/29765853/
https://pubmed.ncbi.nlm.nih.gov/29765853/
https://pubmed.ncbi.nlm.nih.gov/29765853/
https://pubmed.ncbi.nlm.nih.gov/22985013/
https://pubmed.ncbi.nlm.nih.gov/22985013/
https://pubmed.ncbi.nlm.nih.gov/22985013/
https://pubmed.ncbi.nlm.nih.gov/22985013/
https://pubmed.ncbi.nlm.nih.gov/28008080/
https://pubmed.ncbi.nlm.nih.gov/28008080/
https://pubmed.ncbi.nlm.nih.gov/28008080/
https://pubmed.ncbi.nlm.nih.gov/38468106/#:~:text=Acute exercise resulted in reliable,effects on self%2Dreport measures.
https://pubmed.ncbi.nlm.nih.gov/38468106/#:~:text=Acute exercise resulted in reliable,effects on self%2Dreport measures.
https://pubmed.ncbi.nlm.nih.gov/38468106/#:~:text=Acute exercise resulted in reliable,effects on self%2Dreport measures.
https://pubmed.ncbi.nlm.nih.gov/37545593/
https://pubmed.ncbi.nlm.nih.gov/37545593/
https://pubmed.ncbi.nlm.nih.gov/37545593/

	_Hlk168325167

