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Abstract  
 

The cardiorespiratory hypothesis (CH) is one of the hypotheses 

used by researchers to explain the relationship between 

cardiorespiratory fitness and cognitive performance during 

executive functions. Despite the indubitable beneficial effect of 

training on brain blood flow and function that may explain the 

link between physical fitness and cognition and the recognition 

of the near-infrared spectroscopy (NIRS) as a reliable tool for 

measuring brain oxygenation, few studies investigated the CH 

with NIRS. It is still not well understood whether an increase in 

brain flow by training is translated into an increase in cerebral 
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oxygenation. Thus, the objective of this mini-review was to 

summarize main results of studies that investigated the CH using 

the NIRS and to propose future research directions. 
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Introduction  
 

A growing body of evidence shows that physical exercise has a 

beneficial effect on cognition [1-5]. Nevertheless, the effects of 

physical exercise on cognition are heterogeneous, as they are 

more pronounced on executive functions [6,7]. Several 

hypotheses, namely the cardiorespiratory hypothesis (CH), 

neurogenesis increase hypothesis, synaptic plasticity increase 

hypothesis, catecholamines increase hypothesis, and cognitive 

enrichment hypothesis are used to explain these cognitive effects 

of physical exercise [8,9]. Beyond these hypotheses, many 

researchers are using the CH to explain their findings regarding 

the effect of exercise on cognition. The CH suggests that the 

improvement in cognitive performance observed in subjects 

following an aerobic program could be due to an increase in 

cerebral metabolic activity [10]. The increase in metabolic 

activity induces increased oxygen and glucose transportation to 

the brain. In other words, the CH stipulates those subjects who 

have a high cardiorespiratory fitness oxygenate the brain areas 

involved in cognitive tasks more efficiently, which allows them 

to better perform tasks (e.g., executive tasks). Thus, to validate 

this hypothesis, it is necessary to measure cerebral oxygenation. 

One of the tools able to measure this oxygenation in a non-

invasive way is the near-infrared spectroscopy (NIRS). The 

biological mechanisms (angiogenesis, vascular plasticity, and 

better vascular health) underlying the CH were presented in a 

recent review (see Agbangla et al., [11]). Some studies have 

tested this hypothesis by examining the relationship between 

cognitive performance, changes in brain blood flow as measured 

by functional magnetic resonance imaging (fMRI) and 
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cardiorespiratory fitness (VO2max) following an aerobic 

program [12,13]. Their results showed that participants not only 

increase their cerebral blood flow in different arteries (i.e., 

middle frontal gyrus, superior parietal cortex, and dentate gyrus), 

but also their VO2max. In addition, it was demonstrated that the 

enhancement in cerebral blood flow was related to a significant 

or substantial improvement of cognitive performance (i.e., 

selective attention task, verbal learning, and memory) and 

cardiorespiratory fitness. Thus, studies using fMRI provide 

undeniable evidence of the CH but do not allow us to know 

whether the increase in brain flow translates into an increase in 

oxygen, which is essential for brain metabolism [14]. 

 

To answer this question, some authors used NIRS as a tool to 

examine cerebral hemodynamic activity in humans [15-18], 

which reflects the neurovascular coupling mechanism that 

induces both an increase in local cerebral blood volume and 

blood flow [19]. Indeed, the NIRS allows the investigation of 

hemodynamic changes associated with brain activity evaluated 

by changes in oxyhemoglobin (O2Hb), deoxyhemoglobin (HHb), 

and total hemoglobin (HbT) concentration [20]. Hemodynamic 

parameters provided by NIRS (i.e., O2Hb, HHb, HbT) while can 

be considered as more specific for cerebral oxygenation 

compared to the fMRI-BOLD signal, the raw NIRS-signals 

cannot be taken as measures for hemodynamic parameters such 

as flow, volume, oxygen extraction function. Hence it is essential 

to rely on mathematical models to determine these parameters 

like the ones reported by Kocsis et al. [21] and Mukli et al. [22]. 

Several reviews have outlined the principles, strengths, 

limitations, and good practices of the NIRS [23-25]. Despite the 

physiological and methodological validation of NIRS, a 

meticulous search of various databases shows that few studies 

have investigated the CH using the NIRS even though it has 

been recognized as a reliable tool for measuring brain 

oxygenation. In this context, the objective of this mini-review 

was, to summarize the key results of the studies that investigated 

the CH using the NIRS. 
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Literature Search  
 

To perform this mini-review, the Google Scholar, Pubmed, 

PsycINFO, and Web of Science databases were searched (last 

search on March 2021) using the terms “cardiovascular fitness” 

OR “cardiorespiratory fitness” OR “aerobic fitness” AND 

“fNIRS” OR “NIRS” AND “executive functions.” The search 

strategy retrieved 386 articles on Google Scholar, 68 articles on 

Pubmed, 1967 articles on PsycINFO, and 18 articles on Web of 

Science. Following this search, duplicate references were 

removed. After this identification step, we proceeded to the 

screening step, which involved sifting through the titles and 

abstracts to check their relevance. Studies were selected if they 

were conducted on populations of any age and had 

cardiorespiratory fitness and/or executive functions and/or 

hemodynamic activity as parameters of interest. Twenty-five 

articles were selected, and their full texts were reviewed by 

authors for inclusion in the mini-systematic review. Only studies 

that tested the CH were included. Following the expertise of the 

selected articles, nine articles were considered in the writing of 

the mini-review (Figure 1). 
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Figure 1: Chart flow of the selection process. 

Participants and Variables of Interest  
Participants  
 

Except for the subject in the case study by Cabral et al. [26] who 

had been addicted to alcohol and cigarettes for 33 years, subjects 

of the different studies were either young adults between 17 and 

25 years or older adults over 60 years. In terms of 

cardiorespiratory fitness, studies compared subjects who were 

highly fit or active with their counterparts who had a low fit or 

were inactive. 

 

Executive Functions  
 

Executive functions (EFs) are cognitive processes that regulate 

thought and action in unusual situations [27]. More precisely, 

there are high-level cognitive processes that, through their 

influence on lower-level processes, enable individuals to regulate 

their thoughts and actions during goal-directed behavior [28]. 
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They can be subdivided into core EFs, namely inhibition, 

updating of working memory, shifting, and higher-order EFs 

such as reasoning, problem-solving, planning, and dual-task 

management [29,30]. To measure executive functions, studies 

that investigated the CH used various executive tasks such as the 

Stroop task [26,31-34], random number generation [35], n-back 

[36], the dual-task [37], and the Trail Making Test (TMT) [38]. 

These executive tasks allowed the researchers to measure, 

respectively, the interference control, behavioral inhibition, 

updating of working memory, shifting, and dual-task 

management. In brief, the studies cited above used more tasks 

involving core EFs than tasks requiring higher-order EFs. 

Finally, only two studies considered the complexity of the 

executive task [35,36]. Indeed, the study by Albinet et al. [35] 

used the random number generation with two paces that 

consisted, firstly, of giving a digit every second and a half and, 

secondly, a digit every second. In a study by Agbangla and 

colleagues, three levels of complexity of the n-back were 

proposed to the subjects (i.e., 1, 2, 3-back) [36]. 

 

 

Cardiorespiratory Fitness  
 

Cardiorespiratory fitness is the ability to perform a dynamic 

activity of moderate to high intensity involving large-muscle 

groups over a prolonged period [39]. It is highly dependent on 

the integrity of the cardiovascular, respiratory, and 

musculoskeletal systems [40]. Cardiorespiratory fitness is 

measured by several methods. The reference method is the 

maximal effort test in which the participant is asked to perform a 

physical effort with an incremental load [40]. The maximal 

oxygen consumption is then determined by gas analysis. In 

default of this gold standard test, sub-maximal tests and 

questionnaires can be used to estimate cardiorespiratory fitness. 

Most studies that have investigated the CH have used the 

maximal effort test [26,31,32,34,35,37,38]. However, other 

studies have used a sub-maximal test [33] or a sub-maximal test 

and questionnaire [36]. These tests allowed the researchers to 

measure various cardiorespiratory parameters such as VO2max, 
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peak oxygen consumption (VO2peak), peak power output, and 

relative power output to muscle mass. 

 

Brain Hemodynamic Activity  
 

All studies measure hemodynamic activity in the prefrontal 

cortex (PFC) regions (i.e., left and right dorsolateral, left and 

right ventrolateral, frontopolar, and anterior prefrontal cortices) 

using continuous wave NIRS. However, unlike frequency and 

time domain NIRS, continuous wave NIRS does not allow for 

absolute measurements of hemodynamic activity [24]. 

According to these authors, continuous wave NIRS does not 

fully determine the scattering and absorption coefficients of 

near-infrared light. To determine hemodynamic activity, the 

authors mainly used the subtractive method, which involves 

subtracting the concentration of the hemodynamic index (HHb 

and/or O2Hb, and/or HbT) during the baseline or compatible 

condition from the concentration of the hemodynamic index 

during the experimental or incompatible condition [31-34,36-

38]. Apart from this subtractive method, another method, 

consisting of applying a linear regression on the entire signal 

window to obtain the slope coefficient of the regression line 

(slope method), was used in a study by Albinet et al. [35]. 

 

Links between Executive Functions, 

Cardiorespiratory Fitness, and Cerebral 

Hemodynamic Activity  
 

Cross-sectional studies showed that young and old adults with 

high (46–56 mL
–1

kg
–1

min
–1

 for young and 26–30 mL
–1

kg
–1

min
–1

 

for old adults) cardiorespiratory fitness have better executive 

performance (i.e., updating of working memory, inhibition, 

shifting, and dual-task ability) compared to their counterparts 

with low (36–38 mL
–1

kg
–1

 min
–1

 for young and 17–21 mL
–1

kg
–1

 

min
–1

 for old adults) cardiorespiratory fitness [31,33-38]. These 

results have also been confirmed by intervention and case 

studies, showing that participants who followed an aerobic 

program or an intermittent high-intensity session improved their 
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executive performance [26,32] and their cardiorespiratory fitness 

[26]. Another important finding is that some of the studies 

included in the review highlighted a link between executive 

performance and cardiorespiratory fitness or cerebral 

hemodynamic. Indeed, some of the cross-sectional studies 

reported that only participants (young and older adults) with high 

cardiorespiratory fitness significantly increase their cerebral 

hemodynamic activity during the executive task [31,34]. In 

addition, other cross-sectional studies reported that participants 

with high cardiorespiratory fitness who increased their cerebral 

hemodynamic activity did the best executive performances 

[36,38]. These results suggest a link between cardiorespiratory 

fitness, cerebral hemodynamic activity and executive 

performance. Finally, other authors have observed a correlation 

between cardiorespiratory fitness and executive performance in 

older adults [35] and young adults [33]. However, this 

correlation was mediated by hemodynamic activity only in older 

adults. These results concur with the results of studies that have 

tested the CH using fMRI [12,13]. These results suggest that the 

effect of cardiorespiratory fitness on executive functions is 

mediated by an increase in hemodynamic activity depending on 

the age of the participant. The mediating effect of hemodynamic 

activity on the link between physical exercise and executive 

performance could be explained by the fact that physical 

exercise increases cerebral blood flow [41]. Indeed, the increase 

in cerebral blood flow ensures the supply of the necessary 

energetic substrates and oxygen to neuronal networks involved 

in the investigated executive function. However, the increase in 

cerebral blood flow would be underpinned by several biological 

mechanisms. On the one hand, we have angiogenesis, enhanced 

vascular plasticity, and improved vascular health [11]. Regarding 

angiogenesis, regular exercise induces the release of 

neurotrophic factors, namely vascular endothelial growth factor 

and insulin growth factor 1, which are required for angiogenesis 

[8,42]. As for vascular plasticity, it is underpinned by a better 

bioavailability of nitric oxide which enhances vasodilatation 

[43]. Finally, the improvement in vascular health is explained by 

the beneficial effects of exercise on arterial stiffness and vascular 

dysfunction [44]. On the other hand, the increase in blood flow 
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could be explained by the modulation of functional brain 

networks during the performance of the cognitive task [45,46]. 

This modulation would result in a redistribution of local support 

systems (i.e., blood flow, oxygenation, and metabolism). In this 

context, we can hypothesized that participants with good 

cardiorespiratory fitness would be the ones with better 

modulation of functional brain networks most likely due to 

enhanced neuro-vascular coupling. 

 

Futures Perspectives of Research  
 

The summary of studies presented in this mini-review showed 

that the subjects solicited in the exploration of the CH were 

generally healthy young (17–25 years) or older (over 60 years). 

Consequently, consideration of other age groups between 25 and 

59 years but also pathological populations is essential for 

extending the CH to other populations. For example, it would be 

interesting to explore this hypothesis in patients with 

cerebrovascular pathologies. A recent meta-analysis showed that 

a program combining aerobic and resistance exercise (i.e., 

performed at moderate intensity, three times a week for 20 

weeks) had a greater effect on cardiorespiratory fitness, muscle 

strength, and walking ability in stroke patients [47] than aerobic 

or resistance training alone. However, this effect of exercise on 

cardiorespiratory fitness is not related to executive functions, 

which are dysfunctional in 75% of stroke patients [48]. Hence, 

future studies may explore the links between executive 

functions, cardiorespiratory fitness and cerebral oxygenation in 

stroke patients and even in other populations suffering from 

other chronic pathologies using a randomized controlled 

protocol. From this perspective, several interventions can be 

suggested to participants according to their functional abilities. 

For example, fit participants may participate in a training 

program combining endurance and resistance [47] or in a 

training program combining physical and cognitive exercises 

[49]. Moreover, the immersive virtual reality could be proposed 

to participants with low functional capacity preventing them 

from doing traditional physical exercise [50]. At last, these 

future studies in patients with stroke or other chronic conditions 
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should also consider the motivational profile of the patients to 

adjust the physical activity program. Indeed, patients with high 

self-efficacy, expectancy and self-determination are those who 

are more likely to be involved in a physical activity program and 

to maintain physical activity [51]. However, when dealing with 

unmotivated patients, the use of a motivational intervention 

would be appropriate to induce engagement in the physical 

activity program [52]. 

 

Various executive tasks have been used to measure executive 

performance. Among these tasks, there is the Stroop task, the 

random number generation test, the n-back test, the Trail Making 

Test, and the dual-task test. However, the limitation of these 

tasks is their inability to directly measure an executive function 

without involving other cognitive processes [29]. Indeed, 

confirmatory analyses performed on the main components of 

executive functioning (i.e., inhibition, updating of working 

memory, and shifting) showed that inhibition had a common 

factor with the rest of the executive functions [53]. Thus, 

inhibition would be found in several executive tasks that would 

require the suppression of responses, distractors, and memory 

representations [54]. To address this problem of impurity in 

neuropsychological tasks that measure executive functions, some 

authors have used multiple tasks to assess an executive function 

[55,56]. This multi-task method for assessing executive function 

appears to be adequate in our opinion and should be used in 

future studies exploring the cardiorespiratory fitness hypothesis 

to obtain a composite score of executive functioning. 

 

Finally, despite the diversity of the executive functions assessed 

in the different studies considered in this mini-review, all studies 

measured hemodynamic activity only in the PFC. Although it is 

undoubtedly recognized that the PFC is invariably involved in 

executive functioning [57]. However, other brain areas are 

activated when performing an executive task. For example, the 

random number generation task is associated with significant 

activation of the left dorsolateral PFC, anterior cingulate cortex, 

superior parietal cortex, inferior frontal cortex, and right and left 

cerebellar hemispheres [58]. In the Stroop task, the areas 
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activated include the dorsolateral PFC, the supplementary motor 

area, the left premotor cortex, the superior temporal gyrus, the 

left putamen, and the anterior cingulate cortex [59,60]. 

Regarding N-back, brain imaging studies have shown activation 

of the right dorsolateral PFC, the anterior cingulate cortex, the 

posterior parietal cortex, and the inferior frontal gyrus [57]. As 

for the Trail Making Test, it has been shown that the left 

dorsolateral PFC, supplementary motor area, cingulate sulcus, 

intraparietal sulcus are the areas that are activated [61]. Finally, 

the dual-task comprised a cognitive-motor task soliciting not 

only the PFC but also the sensorimotor area, the supplementary 

motor area, and the occipital cortex [62]. When we identified the 

brain areas that were activated during the executive tasks used in 

the CH, we found that there were three brain areas that were 

common to the tasks (i.e., PFC, parietal cortex, cingulate cortex). 

Therefore, it is essential to extend the measurement of the 

hemodynamic activity to the parietal and cingulate cortices to 

explore the connectivity of these areas with the PFC in the 

context of the CH. It would be judicious to explore the 

interactions between the various physiological systems (i.e., 

central nervous, respiratory, cardiovascular systems) involved in 

the CH and executive performances using the integrative 

approach [63,64] in future studies. It will be a question, for 

example, of exploring both the nature and the strength of the 

interactions that take place between these different physiological 

systems and the effects of these interactions on executive 

performances. 

 

Conclusion  
 

This mini-review highlights that the majority of studies 

exploring the cardiorespiratory fitness hypothesis enrolled 

healthy young and old participants. These studies are CH mostly 

cross-sectional studies. Therefore, it is suggested that 

randomized controlled studies conducted in other age groups 

(e.g., 8–16 or 25–59 years old) or in participant with different 

pathological concerns (e.g., stroke; cognitive disorders), using a 

multi-task method may offer a valuable way to measure 

executive functions and answer to the CH. 
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Supplementary Material 
 
Table 1: Studies exploring the cardiorespiratory hypothesis using the NIRS. 

 

References Characteristics of 

study 

Type of 

intervention 

Outcomes 

Agbangla et al. 

[11] 

Subjects: 19 younger 

(19.7±1 years) 37 

older adults 

(68.95±4.74); Design 

study: cross sectional 

study; Task: n-back 

(0,1,2,3-back); 

Executive function: 

working memory 

updating; 

Instruments: 

OxyMon MkIII; 

Artinis Medical 

Systems BV, Zetten, 

Netherlands); 

Cerebral area 

investigated: 

prefrontal regions 

(left and right 

dorsolateral and left 

and right 

ventrolateral); 

Measure of Aerobic 

fitness: maximal 

multistage 20-m 

shuttle run test 

(Young) and 

NASA/JSC physical 

activity scale (Older 

adults) - VO2max was 

estimated. 

No 

intervention 

- Chronological age 

had deleterious 

effects on both 

cognitive 

performance and 

prefrontal cortex 

activation under a 

higher cognitive 

load. 

- In older adults, 

higher levels of 

cardiorespiratory 

fitness were related 

bilateral & 

prefrontal cortex 

activation that 

allowed them to 

sustain better 

cognitive 

performances, 

especially under the 

highest cognitive 

load. 

Albinet et al. 

[35] 

Subjects: older with 

high-fit (67.32±4.48) 

and older with low-fit 

(68.88±3.87); Design 

study: cross sectional 

study; Task: Random 

Number Generation 

(RNG); Executive 

function: inhibition; 

Instruments: NIRO-

No 

intervention 

- Strong activation 

of the DLPFC 

during RNG 1 s and 

1.5 s compared to 

the count condition. 

- DLPFC activation 

increased as a 

function of pace 

(difficulty) during 

the RNG task. 
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200, Hamamatsu 

Photonics K.K., 

Japan; Cerebral area 

investigated: left and 

right dorsolateral 

prefrontal (DLPFC); 

Measure of Aerobic 

fitness: maximal 

graded exercise test - 

VO2max was 

determined. 

- Low fit older 

women showed 

significantly less 

DLPFC activation 

in the right 

hemisphere 

compared to their 

left hemisphere and 

compared to the 

high fit older 

women during the 

RNG task. 

- Increases in 

[O2Hb] in the right 

DLPFC were found 

to mediate the 

relationship 

between VO2max 

level and executive 

performance during 

the RNG task at 1.5 

s. 

Cabral et al. 

[26] 

Subjects: male patient 

(mean age of 46) who 

has been alcohol and 

cigarette dependent 

for about 33 years; 

Design study: case 

report; Task: Stroop 

test; Executive 

function: interference 

control; Instruments: 

Imagent, ISS, 

Champaign, IL, USA; 

Cerebral area 

investigated: 

prefrontal cortex; 

Measure of Aerobic 

fitness: incremental 

protocol test - 

VO2max, ventilatory 

threshold and 

respiration 

compensation point 

were determinated. 

Training 

program 

consisted of 

three weekly 

sessions during 

90 days. 

Gradual 

aerobic 

training: during 

first week, the 

patient was 

instructed to 

run 3and 6 min 

and the 

distance was 

recorded. 

Running time 

was increased 

between 3 and 

5 min every 

week to reach 

40 to 50 min. 

- At the end of 

training, the 

following 

parameters were 

improved: Time 

running (6 to 45 

min); distance 

covered (765 to 

8700 m); VO2max 

(24.2 to 30.1 mL-

1.kg-1. min-1). 

- Cognitive 

performance was 

improved (correct 

answers and 

reaction time) after 

90 days. 

- Prefrontal cortex 

oxygenation was 

increased after 90 

days 

- Cognitive 

performance 

improvement 

seemed to be 

matched with 
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increased cerebral 

oxygenation. 

Dupuy et al. 

[31] 

Subjects: 22 younger 

(24.6±3.6 years) and 

36 older (62.9±5.4 

years) women; 

Design study: cross 

sectional study; Task: 

trail making test, 

Modified Stroop task 

with two conditions 

(naming and 

execution condition); 

Executive function: 

cognitive flexibility 

and Interference 

control; Instruments: 

CW6, TechEn Inc., 

Milford, MA; 

Cerebral area 

investigated: 

prefrontal regions 

(left and right 

dorsolateral and left 

and right 

ventrolateral); 

Measure of Aerobic 

fitness: maximal 

continuous graded 

exercise test - 

VO2max was 

determined. 

No 

intervention 

- High fit women 

obtained better 

scores on the 

executive condition 

of the computerized 

Stroop task, than 

lower fit women. 

- Only high fit 

women 

demonstrated a 

significant increase 

of [O2Hb] in the 

right inferior frontal 

gyrus 

(ventrolateral). 

Goenarjo et al. 

[37] 

Subjects: High-fit 

(22.8±4.2 years) and 

low-fit (24.8±5.1 

years); Design study: 

cross sectional study; 

Task: dual-task (2-

back + walking); 

Executive function: 

management of two 

or more tasks; 

No 

intervention 

- During 2-back, 

low-fit were 

significantly less 

accurate in dual-task 

condition, as 

compared to single-

task condition, but 

there was no 

difference between 

conditions in high-
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Instruments: Portalite 

- Artinis Medical 

Systems, Elst, 

Netherlands; 

Cerebral area 

investigated: left and 

right dorsolateral and 

anterior prefrontal 

cortex; Measure of 

Aerobic fitness: 

maximal continuous 

graded exercise test - 

VO2peak was 

determined. 

fit. 

-No significant 

correlation was 

found between 

VO2peak and dual-

task cognitive 

performance. 

-No significant 

correlation was 

found between 

VO2peak and 

ΔO2Hb. 
-Significant 

correlation was 

found between 

VO2peak and ΔHHb 

on left and right 

prefrontal cortex. 

Goenarjo et al. 

[34] 

Subjects: active 

younger (21.8±2.0 

years) and inactive 

younger (23.3±2.5 

years); Design 

study: cross sectional 

study; Task: Stroop 

task (naming, 

inhibition and 

switching trials); 

Executive function: 

inhibition and 

cognitive flexibility; 

Instruments: Portalite 

- Artinis Medical 

Systems, Elst, 

Netherlands; 

Cerebral area 

investigated: left and 

right dorsolateral and 

anterior prefrontal 

cortex; Measure of 

Aerobic fitness: 

maximal continuous 

graded exercise test - 

VO2peak was 

determined. 

No 

intervention 

- Active younger 

were faster than 

inactive younger in 

switching condition 

but not in naming 

and inhibition 

conditions. 

- Active younger 

had a greater 

ΔO2Hb than 

inactive younger in 

the switching 

condition. 

- Between inhibition 

and switching 

condition, active 

younger showed 

greater ΔO2Hb in 

the right and left 

prefrontal cortex 

compared with 

inactive younger. 

- Between naming 

and inhibition 

conditions, active 

younger showed 

greater ΔHHb in the 

right prefrontal 

cortex compared 

with inactive 
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younger. 

Kujach et al. 

[32] 

 

Subjects: 25 

sedentary young 

(21.0±1.6 years); 

Design 

study: interventional 

study; Task: color-

word matching 

Stroop; Executive 

function: interference 

control; Instruments: 

ETG-7000, Hitachi 

Medical Corporation, 

Japan; Cerebral area 

investigated: left and 

right dorsolateral, 

ventrolateral and 

frontopolar cortex; 

Measure of Aerobic 

fitness: maximal 

oxygen consumption 

test - maximal 

aerobic power was 

determinated. 

Modified 

Gibala’s 

group’s High-

Intensity 

Intermittent 

Exercise: Eight 

repetitions of 

30 s of 

ergometer 

exercise at 

60% of 

maximal 

aerobic power 

at 100 rpm and 

30 s resting 

after two 

minutes of 

warm-up (50 

Watts) at 60 

rpm. 

- Acute high-

intensity 

intermittent exercise 

improved 

interference control. 

- Hemodynamic 

activity of left-

dorsolateral & 

prefrontal cortex 

correlated with 

interference control 

during acute high-

intensity 

intermittent exercise 

in subjects with 

good 

cardiorespiratory 

fitness (40.5 mL-

1.kg-1. min-1). 

Ludyga et al. 

[33] 

 

Subjects: 20 High-fit 

(17.2±1.0 years) and 

20 Low-fit (17.0±1.1 

years); Design 

study: cross sectional 

study; Task: modified 

Stroop color-word 

test; Executive 

function: Interference 

control (inhibition); 

Instruments: 

NIRSport, NIRx 

Medical 

Technologies, Berlin, 

Germany; Cerebral 

No 

intervention 

- Lower interference 

control in high-fit 

compared low-fit. 

- Inverse relation 

between aerobic 

fitness and 

behavioural 

performance. 

- Hemodynamic 

activity of prefrontal 

cortex did not 

explain the relation 

of aerobic fitness 

with behavioural 

performance. 
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area investigated: left 

and right dorsolateral 

prefrontal cortex; 

Measure of Aerobic 

fitness: PWC170 

cycle test - relative 

power output was 

determinated. 

Mekari et al. 

[38] 

Subjects: 66 (44 

females) older adults 

(68±6.3 years); 

Design study: cross 

sectional study; Task: 

Trail Making Test; 

Executive function: 

cognitive flexibility; 

Instruments: 

Portalite, Artinis 

Medical Systems, 

Netherlands; 

Cerebral area 

investigated: Left 

prefrontal cortex; 

Measure of Aerobic 

fitness: maximal 

continuous graded 

exercise test - peak 

power output was 

used as a marker of 

cardiorespiratory 

fitness. 

No 

intervention 

- Increased 

cardiorespiratory 

fitness was 

associated with 

better performance 

during Trail Making 

Test B. 

- Cerebral 

oxygenation in 

higher fit older 

adults mediated the 

relationship with 

improved executive 

functioning. 

- Particularly, in 

older adults with 

higher 

cardiorespiratory 

fitness, cerebral 

oxygenation was 

related to executive 

functioning. 

 

ΔHHb: Changes in deoxyhemoglobin concentration; ΔO2Hb: Changes in 

oxyhemoglobin concentration; [HHb]: oxyhemoglobin concentration; [O2Hb]: 

deoxyhemoglobin concentration 


