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IQ estimation by means of EEG-fNIRS recordings during a logical-

mathematical intelligence test. 
Firooz S, Setarehdan SK. 
Comput Biol Med. 2019 May 24;110:218-226. doi: 10.1016/j.compbiomed.2019.05.017. [Epub ahead of print] 

PMID:31202152 

https://www.sciencedirect.com/science/article/pii/S0010482519301738 

Intelligence differences of individuals are attributed to the structural and functional differences of the 

brain. Neural processing operations of the human brain vary according to the difficulty level of the 

problem and the intelligence level of individuals. In this study, we used a bimodal system consisting of 

functional Near-Infrared Spectroscopy (fNIRS) and Electroencephalogram (EEG) to investigate these 

inter-individual differences. A continuous wave 32-channel fNIRS from OxyMonfNIRS device (Artinis) 

and 19-channel EEG from (g.tec's company) were utilized to study the oxygenation procedure as well as 

the electrical activity of the brain when doing the problems of Raven's Progressive Matrix (RPM) 

intelligence test. We used this information to estimate the Intelligence Quotient (IQ) of the individual 

without performing a complete logical-mathematical intelligence test in a long-time period and 

examining the answers of people to the questions. After EEG preprocessing, different features including 

Higuchi's fractal dimension, Shannon entropy values from wavelet transform coefficients, and average 

power of frequency sub-bands were extracted. Clean fNIRS signals were also used to compute features 

such as slope, mean, variance, kurtosis, skewness, and peak. Then dimension reduction algorithms 

such as Linear Discriminant Analysis (LDA) and Principal Component Analysis (PCA) were applied to 

select an effective feature set from fNIRS and EEG in order to improve the IQ estimationprocess. We 

utilized two regression methods, i.e., Linear Regression (LR) and Support Vector Regression (SVR), to 

extract optimum models for the IQ determination. The best regression models based on fNIRS-EEG and 

fNIRS presented 3.093% and 3.690% relative error for 11 subjects, respectively. 

 

Regional Differences in Mitochondrial Capacity in the Finger Flexors of Piano 

Players 
Katie Luquire and Kevin K. McCully  

J. Funct. Morphol. Kinesiol. 2019, 4(2), 29; https://doi.org/10.3390/jfmk4020029 

http://scholar.google.com/scholar_url?url=https://www.mdpi.com/2411-

5142/4/2/29/pdf&hl=en&sa=X&d=18140360910027718992&scisig=AAGBfm1edV40mJ8DgjNO

WNF5NvXOGCqlaQ&nossl=1&oi=scholaralrt 

Abstract 
Background: Near-infrared spectroscopy (NIRS) has been used to measure oxidative capacity, but 

regional differences have not been identified. Piano players are also a novel group of subjects for this 

lab. Methods: Controls (n = 13) and piano players (n = 8) were tested in a seated position on the right 

forearm. A fatigue test was performed for three minutes at 2, 4 and 6 Hz using electrical stimulation, 
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which created an endurance index (EI) as the forearm fatigued. A six-cuff oxidative capacity test was 

performed using manual exercise to activate the muscle and allow for regional specificity. A rate 

constant (Rc) was generated from the mitochondrial capacity data. Results: Overall, piano players (Rc = 

1.76 ± 0.6) and controls (Rc = 1.17 ± 0.3) have significant differences for the last two fingers (p = 0.01). 

While controls have significant differences between the index (Rc = 1.86 ± 0.5) and last two fingers (Rc = 

1.17 ± 0.3) (p = 0.001), this difference was not observed in piano players. Overall, piano players (EI = 75.7 

± 12.3) and controls (EI = 73.0 ± 17.3) had no differences in endurance index values (p = 0.71). 

Conclusions: Piano players have significant differences in the mitochondrial capacity of the finger 

flexors that control the last two fingers compared to controls. The lack of difference between groups in 

the index fingers and overall endurance test suggests playing the piano produces training adaptations 

to the finger flexor muscles of the last two digits, which are rarely used by control subjects. 

 

Repeated Treadmill Sprints Impair Cognitive Performance in Amateur Team-

Sport Athletes When Performed in Normobaric Hypoxia. 
Morrison JD, Quinn K, MacDonald LA, Billaut F, Minahan C. 
J Sports Sci Med. 2019 Jun 1;18(2):369-375. eCollection 2019 Jun. 

PMID:31191108 

https://www.jssm.org/researchjssm-18-369.xml.xml 

Abstract 

This study determined if a single bout of repeated-sprint running under hypoxic (RSH) conditions was 

associated with impaired cognitivefunction when compared with repeated-sprint running under 

normoxic (RSN) conditions. Eleven amateur team-sport athletes performed a repeated-sprint running 

protocol (4 sets of 4, 4-s all-out sprints; i.e., RSR444) under both conditions (14.5% and 20.9% O2) on a 

non-motorized treadmill. Changes in SpO2, pre-frontal cortex total haemoglobin (Δ[THb]), 

oxyhaemoglobin (Δ[O2Hb]), deoxyhaemoglobin (Δ[HHb]) and cognitive function (detection task: DET; 

identification task: IDN; one card learning task: OCL; performed pre and 20 min post RSR444) were 

examined. During RSH, SpO2 was lower following each set (p ≤ 0.05), while [HHb] was higher after each 

set (p ≤ 0.05) compared with RSN. In addition, while there was no effect of condition on DET (p = 0.20) 

or IDN (p = 0.14), OCL accuracy was lower after, compared with before, RSH (p=0.04), but not RSN (p = 

0.52). A significant relationship was observed between Δ[HHB] and ΔOCL accuracy (r = -0.68, p = 

0.01). Performance of a single bout of RSH with 14.5% O2 resulted in impaired cognitive function in 

amateur team-sport athletes. Coaches should be mindful of timing of RSH prescription with regard to 

other training sessions that challenge speed and movement accuracy. 

 

Beetroot Juice Does Not Enhance Supramaximal Intermittent Exercise 

Performance in Elite Endurance Athletes. 
Pawlak-Chaouch M, Boissière J, Munyaneza D, Gamelin FX, Cuvelier G, Berthoin S, 

Aucouturier J. 
J Am Coll Nutr. 2019 May 14:1-10. doi: 10.1080/07315724.2019.1601601. [Epub ahead of print] 

PMID:31084516 
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https://www.condorcet.be/documents/RECHERCHE-APPLIQUEE/LABORATOIRE-DE-L-

EFFORT-ET-DU-

MOUVEMENT/Beetroot_Juice_Does_Not_Enhance_Supramaximal_Intermittent_Exercise_P

erformance_in_Elite_Endurance_Athletes.pdf 

Abstract 
OBJECTIVE: 

Nitrate (NO3-)-rich beetroot juice (BR) is recognized as an ergogenic supplement that improves exercise 

tolerance during submaximal to maximal intensity exercise in recreational and competitive athletes. A 

recent study has investigated the effectiveness of BR on exercise performance during supramaximal 

intensity intermittent exercise (SIE) in Olympic-level track cyclists, but studies conducted in elite 

endurance athletes are scarce. The present study aimed to determine whether BR supplementation 

enhances the tolerance to SIE in elite endurance athletes. 

METHODS: 

Eleven elite endurance athletes (age: 21.7 ± 3.7 years, maximal oxygen 

uptake (V̇ O2max): 71.1 ± 5.2 mL·kg-1·min-1) performed an SIE test until exhaustion following either a 3-day 

BR supplementation (340 mg/d) or a placebo (PL) supplementation (<2.5 mg/d) in a randomized, single 

blind, placebo-controlled, and crossover study. The exercise test consisted of 15-second cycling 

exercise bouts at 170% of the maximal aerobic power interspersed with 30-second passive recovery 

periods. Gas exchange was measured during SIE tests as local muscle O2 delivery and extraction were 

assessed by near infrared spectroscopy. 

RESULTS: 

The number of repetitions completed was not significantly different between BR (13.9 ± 4.0 reps) and PL 

conditions (14.2 ± 4.5 reps). BR supplementation did not affect oxygen uptake ( V̇ O2 ) during SIE tests 

(BR: 3378.5 ± 681.8 mL·min-1, PL: 3466.1 ± 505.3 mL·min-1). No significant change in the areas under 

curves was found for local muscle total hemoglobin (BR: 6816.9 ± 1463.1 arbitrary units (a.u.), PL: 

6771.5 ± 3004.5 a.u.) and deoxygenated hemoglobin (BR: 6619.7 ± 875.8 a.u., PL: 6332.7 ± 1336.8 a.u.) 

during time-matched work + recovery periods from SIE tests following BR supplementation. 

CONCLUSIONS: 

BR supplementation does not enhance the tolerance to SIE in elite endurance athletes and affects 

neither V̇ O2 nor local muscle O2 delivery and extraction. 

 

In vivo assessment of muscle mitochondrial function in healthy, young 

males in relation to parameters of aerobic fitness. 
Lagerwaard B, Keijer J, McCully KK, de Boer VCJ, Nieuwenhuizen AG. 
Eur J Appl Physiol. 2019 Jun 8. doi: 10.1007/s00421-019-04169-8. [Epub ahead of print] 

 

https://link.springer.com/article/10.1007/s00421-019-04169-8 

 

Abstract 
PURPOSE: 

The recovery of muscle oxygen consumption (m[Formula: see text]O2) after exercise provides a 

measure of skeletal musclemitochondrial capacity, as more and better-functioning mitochondria will be 
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able to restore m[Formula: see text]O2 faster to the pre-exercise state. The aim was to 

measure muscle mitochondrial capacity using near-infrared spectroscopy (NIRS) within a healthy, 

normally active population and relate this to parameters of aerobic fitness, investigating the applicability 

and relevance of using NIRS to assess musclemitochondrial capacity non-invasively. 

METHODS: 

Mitochondrial capacity was analysed in the gastrocnemius and flexor digitorum superficialis 

(FDS) muscles of eight relatively high-aerobic fitness ([Formula: see text]O2peak ≥ 57 mL/kg/min) and 

eight relatively low-aerobic fitness male subjects ([Formula: see text]O2peak ≤ 47 mL/kg/min). Recovery 

of whole body [Formula: see text]O2, i.e. excess post-exercise oxygen consumption (EPOC) was 

analysed after a cycling protocol. 

RESULTS: 

Mitochondrial capacity, as analysed using NIRS, was significantly higher in high-fitness individuals 

compared to low-fitness individuals in the gastrocnemius, but not in the FDS (p = 0.0036 and p = 0.20, 

respectively). Mitochondrial capacity in the gastrocnemius was significantly correlated with [Formula: 

see text]O2peak (R2 = 0.57, p = 0.0019). Whole body [Formula: see text]O2 recovery was significantly 

faster in the high-fitness individuals (p = 0.0048), and correlated significantly 

with mitochondrial capacity in the gastrocnemius (R2 = 0.34, p = 0.028). 

CONCLUSION: 

NIRS measurements can be used to assess differences in mitochondrial muscle oxygen consumption 

within a relatively normal, healthy population. Furthermore, mitochondrial capacity correlated with 

parameters of aerobic fitness ([Formula: see text]O2peak and EPOC), emphasising the physiological 

relevance of the NIRS measurements. 

 

Leg- vs arm-cycling repeated sprints with blood flow restriction and systemic 

hypoxia. 
Willis SJ, Borrani F, Millet GP. 
Eur J Appl Physiol. 2019 Jun 11. doi: 10.1007/s00421-019-04171-0. [Epub ahead of print] 

PMID:31187281 

https://link.springer.com/article/10.1007/s00421-019-04171-0 

Abstract 
PURPOSE: 

The aim was to compare changes in peripheral and cerebral oxygenation, as well as metabolic and 

performance responses during conditions of blood flow restriction (BFR, bilateral vascular occlusion at 

0% vs. 45% of resting pulse elimination pressure) and systemic hypoxia (~ 400 m, 

FIO2 20.9% vs. ~ 3800 m normobaric hypoxia, FIO2 13.1 ± 0.1%) during repeated sprint tests to exhaustion 

(RST) between leg- and arm-cycling exercises. 

METHODS: 

Seven participants (26.6 ± 2.9 years old; 74.0 ± 13.1 kg; 1.76 ± 0.09 m) performed four sessions of RST 

(10-s maximal sprintswith 20-s recovery until exhaustion) during both leg and arm cycling to measure 
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power output and metabolic equivalents as well as oxygenation (near-infrared spectroscopy) of the 

muscle tissue and prefrontal cortex. 

RESULTS: 

Mean power output was lower in arms than legs (316 ± 118 vs. 543 ± 127 W; p < 0.001) and there were no 

differences between conditions for a given limb. Arms demonstrated greater changes in concentration 

of deoxyhemoglobin (Δ[HHb], - 9.1 ± 6.1 vs. - 6.5 ± 5.6 µm) and total hemoglobin concentration (Δ[tHb], 

15.0 ± 10.8 vs. 11.9 ± 7.9 µm), as well as the absolute maximum tissue saturation index (TSI, 62.0 ± 8.3 vs. 

59.3 ± 8.1%) than legs, respectively (p < 0.001), demonstrating a greater capacity for oxygen extraction. 

Further, there were greater changes in tissue blood volume [tHb] during BFR only compared to all other 

conditions (p < 0.01 for all). 

CONCLUSIONS: 

The combination of BFR and/or hypoxia led to increased changes in [HHb] and [tHb] likely due to 

greater vascular resistance, to which arms were more responsive than legs. 

 

Development of a Standardized Ergonomic Assessment Methodology for 

Exoskeletons Using Both Subjective and Objective Measurement 

Techniques.  

Hefferle M., Lechner M., Kluth K., Christian M. 

Chen J. (eds) Advances in Human Factors in Robots and Unmanned Systems. AHFE 2019. 

Advances in Intelligent Systems and Computing, vol 962. 

 

https://link.springer.com/chapter/10.1007/978-3-030-20467-9_5 

Abstract 
Awkward postures, high loads, and highly repetitive tasks are risk factors for developing work-related 

musculoskeletal disorders, which are the main reason for sick days in manufacturing. Overhead work, 

specifically, is a high-risk factor for developing musculoskeletal disorders of the shoulder, which 

account for the longest sick leaves among all musculoskeletal disorders. 

Assistive devices, such as exoskeletons, seek to reduce the stresses associated with overhead work, 

and have even been suggested as a preventative measure for musculoskeletal disorders. 

To investigate the physiological consequences of passive upper limb exoskeletons a standardized 

holistic assessment methodology, including one subjective (Borg CR-10) and three objective 

measurement techniques (EMG, ergo spirometry combined with heart rate and NIRS). A set of static, 

dynamic, and simulated assembly tasks in combination with a suitable test rig is developed and 

preliminary study results are presented. 

 



  Rev 1906 

Sprint interval exercise versus continuous moderate intensity exercise: acute 

effects on tissue oxygenation, blood pressure and enjoyment in 18-30 year 

old inactive men. 
Kriel Y, Askew CD, Solomon C. 
PeerJ. 2019 Jun 7;7:e7077. doi: 10.7717/peerj.7077. eCollection 2019. 

PMID:31211019 

https://search.proquest.com/openview/f1ee9e9d36cb5287bc52c1620c310b46/1?pq-

origsite=gscholar&cbl=2045935 

Abstract 
BACKGROUND: 

Sprint interval training (SIT) can be as effective, or more effective, 

than continuous moderate intensity exercise (CMIE) for improving a primary risk factor for 

cardiometabolic disease, low cardiorespiratory fitness (CRF). However, there has been no direct 

comparison in inactive individuals, of the acute effects of a session of SIT with a work-matched session 

of CMIE on local oxygen utilisation, which is a primary stimulus for increasing CRF. Furthermore, post-

exercise blood pressure (BP) and enjoyment, if symptomatic and low, respectively, have implications for 

safety and adherence to exercise and have not been compared between these specific conditions. It 

was hypothesised that in young inactive men, local oxygen utilisation would be higher, while post-

exercise BP and enjoyment would be lower for SIT, when compared to CMIE. 

METHODS: 

A total of 11 inactive men (mean ± SD; age 23 ± 4 years) completed a maximal ramp-

incremental exercise test followed by two experiment conditions: (1) SIT and (2) work-matched CMIE on 

a cycle ergometer on separate days. Deoxygenated haemoglobin (ΔHHb) in the pre-frontal cortex (FH), 

gastrocnemius (GN), left vastus lateralis (LVL) and the right vastus lateralis (RVL) muscles, systemic 

oxygen utilisation (VO2), systolic (SBP) and diastolic (DBP) blood pressure and physical activity 

enjoyment scale (PACES) were measured during the experiment conditions. 

RESULTS: 

During SIT, compared to CMIE, ΔHHb in FH (p = 0.016) and GN (p = 0.001) was higher, while PACES (p = 

0.032) and DBP (p = 0.043) were lower. No differences in SBP and ΔHHb in LVL and RVL were found 

between conditions. 

CONCLUSIONS: 

In young inactive men, higher levels of physiological stress occurred during SIT, which potentially 

contributed to lower levels of post-exercise DBP and enjoyment, when compared to CMIE. 

 

Effect of external compression on femoral retrograde shear and 

microvascular oxygenation in exercise trained and recreationally active 

young men. 
Lassalle PP, Palamar AJ, DeBlois JP, Lefferts WK, Heffernan KS. 
Eur J Appl Physiol. 2019 Jun 12. doi: 10.1007/s00421-019-04170-1. [Epub ahead of print] 
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https://link.springer.com/article/10.1007/s00421-019-04170-1 

Abstract 
INTRODUCTION: 

Retrograde shear causes endothelial damage and is pro-atherogenic. The purpose of our study was to 

examine the impact of vascular remodeling from habitual exercise training on acute changes 

in retrograde shear and microvascular oxygenation (SMO2) induced via 30 min of external compression. 

METHODS: 

Participants included 11 exercise trained (ET) men (Division I track athletes; age 20 ± 3 years) and 18 

recreationally active (RA) men (age 23 ± 5 years). Near-infrared spectroscopy (NIRS) was used to 

measure vastus medialis SMO2. Doppler-ultrasound was used to assess SFA intima-media thickness, 

diameter and flow velocity to derive retrograde shear. Vascular measures were made at baseline 

(BASELINE), during a sham condition (calf compression to 5 mmHg, SHAM) and during the experimental 

condition (calf compression to 60 mmHg, EXP). 

RESULTS: 

Compared to RA, ET had larger SFA diameters (0.66 ± 0.06 vs 0.58 ± 0.06 cm, p < 0.05) and lower SFA 

IMT (0.33 ± 0.03 vs 0.36 ± 0.07 mm, p < 0.05). Retrograde shear increased similarly in both groups 

during EXP (p < 0.05) but ET men had lower overall retrograde shear during the conditions (BASELINE 

75.8 ± 26.8 vs EXP 88.2 ± 16.9 s-1) compared to RA men (BASELINE 84.4 ± 23.3 vs EXP 106.4 ± 19.6 s-

1p < 0.05). There was a similar increase in SMO2 from BASELINE to SHAM (ET + 8.1 ± 4.8 vs 

RA + 6.4 ± 9.7%) and BASELINE to EXP (ET + 8.7 ± 6.4 vs RA + 7.1 ± 9.0%) in both groups. 

CONCLUSION: 

Beneficial vascular remodeling in ET men is associated with lower retrograde shear 

during external compression. Acute increases in retrograde shear with external compression do not 

detrimentally impact microvascular oxygenation. 

 

Blood flow restricted resistance exercise and reductions in oxygen tension 

attenuate mitochondrial H2 O2 emission rates in human skeletal muscle. 
Petrick HL, Pignanelli C, Barbeau PA, Churchward-Venne TA, Dennis KMJH, van Loon LJC, 

Burr JF, Goossens GH, Holloway GP. 
J Physiol. 2019 Jun 13. doi: 10.1113/JP277765. [Epub ahead of print] 

 

https://physoc.onlinelibrary.wiley.com/doi/abs/10.1113/JP277765 

 

Abstract 
KEY POINTS: 

Blood flow restricted resistance exercise (BFR-RE) is capable of inducing comparable adaptations to 

traditional resistance exercise (RE), despite a lower total exercise volume. It has been suggested that an 

increase in reactive oxygen species (ROS) production may be involved in this response, however 

oxygen partial pressure (pO2 ) is reduced during BFR-RE, and the influence of pO2 on mitochondrial 

redox balance remains poorly understood. In human skeletal muscle tissue, we demonstrate that both 

maximal and submaximal mitochondrial ROS emission rates are acutely decreased 2 h following BFR-
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RE, but not RE, occurring along with a reduction in tissue oxygenation during BFR-RE. We further 

suggest that pO2 is involved in this response, as in vitro analysis revealed that reducing pO2dramatically 

decreased mitochondrial ROS emissions and electron leak to ROS. Altogether, these data indicate that 

mitochondrial ROS emission rates are attenuated following BFR-RE, a response which is likely 

influenced by reductions in pO2 . 

ABSTRACT: 

Low-load blood flow restricted resistance exercise (BFR-RE) training has been proposed to induce 

comparable adaptations to traditional resistance exercise (RE) training, however the acute signaling 

events remain unknown. While a suggested mechanism of BFR-RE is an increase in reactive oxygen 

species (ROS) production, oxygen partial pressure (pO2 ) is reduced during BFR-RE, and the influence of 

O2 tension on mitochondrial redox balance remains ambiguous. We therefore aimed to determine if 

skeletal muscle mitochondrial bioenergetics were altered following an acute bout of BFR-RE or RE, and 

to further examine the role of pO2 in this response. To study this, muscle biopsies were obtained from 

10 males at rest and 2 h after performing 3 sets of single-leg squats (RE or BFR-RE) to failure at 30% 1-

RM. We determined that mitochondrial respiratory capacity and ADP sensitivity were not altered in 

response to RE or BFR-RE. While maximal (succinate) and submaximal (non-saturating ADP) 

mitochondrial ROS emission rates were unchanged following RE, BFR-RE attenuated these responses 

∼30% compared to pre-exercise, occurring along with a reduction in skeletal muscle tissue oxygenation 

during BFR-RE (p < 0.01 vs. RE). In a separate cohort of participants, evaluation of mitochondrial 

bioenergetics in vitro revealed that mild O2restriction (50 µm) dramatically attenuated maximal (∼4-fold) 

and submaximal (∼50-fold) mitochondrial ROS emission rates and the fraction of electron leak to ROS 

compared to room air (200 µm). Combined, these data demonstrate that mitochondrial ROS emissions 

are attenuated following BFR-RE, a response which may be mediated by a reduction in skeletal muscle 

pO2 . 

 

Trunk Muscle Aerobic Metabolism Responses in Endurance Athletes, 

Combat Athletes and Untrained Men. 
Anthierens A, Olivier N, Thevenon A, Mucci P. 
Int J Sports Med. 2019 Jul;40(7):434-439. doi: 10.1055/a-0856-7207. Epub 2019 Jun 12. 

 

https://www.thieme-connect.com/products/ejournals/html/10.1055/a-0856-7207 

 

Abstract 
This study investigated aerobic metabolism responses in trunk muscles during a 

prolonged trunk extension exercise in athletes and untrained young men. The aim was to analyze the 

adaptations induced by 2 types of sports: one involving intensive use of trunk muscles (i. e., judo), and 

one known to induce high aerobic capacity in the whole body (i. e., cycling). Eleven judokas, 10 cyclists 

and 9 healthy untrained young men performed trunk extension exercises on an isokinetic 

dynamometer. During the first session, muscle strength was assessed during maximal trunk extension. 

During a second session, a 5-min exercise was performed to investigate aerobic responses with regard 

to trunk muscles. The near infrared spectroscopy technique and a gas exchange analyzer were used 

continuously to evaluate mechanical efficiency, V̇O2 on-set kinetics, trunk muscle deoxygenation and 

blood volume. Judokas showed greater trunk strength and mechanical efficiency (p<0.05). Cyclists 
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presented faster V̇O2 on-set kinetics (p<0.05) and greater muscle deoxygenation and blood volume 

compared to untrained men (p<0.001). These results suggest that practicing judo 

improves trunk extension efficiency whereas cycling accelerates aerobic pathways and enhances 

microvascular responses to trunk extension exercise. Sport practice improves aerobic 

metabolism responses in trunk extensor muscles differently, according to the training specificities. 

 

Changes in Skeletal Muscle Oxidative Capacity After a Trail Running Race. 
Giovanelli N, Biasutti L, Salvadego D, Alemayehu HK, Grassi B, Lazzer S. 
Int J Sports Physiol Perform. 2019 Jun 12:1-22. doi: 10.1123/ijspp.2018-0882. [Epub ahead of print] 

PMID:31188647 

https://journals.humankinetics.com/doi/abs/10.1123/ijspp.2018-0882 

Abstract 
PURPOSE: 

to evaluate the effects of a trail-running race on muscle oxidative function by measuring pulmonary gas 

exchange variables and muscle fractional O2 extraction. 

METHODS: 

Eighteen athletes were evaluated before (PRE) and after (POST) a trail running competition of 32-km or 

50-km with 2000 m or 3500 m of elevation gain, respectively. During the week before the race, runners 

performed an incremental uphill running test and an incremental exercise by utilizing a one-leg knee-

extension (KE) ergometer. The KE exercise was repeated after the end of the race. During the KE test 

we measured oxygen uptake (V'O2) and micromolar changes in deoxygenated hemoglobin 

(Hb)+myoglobin (Mb) concentrations (Δ[deoxy(Hb+Mb)]) on vastus lateralis with a portable near-infrared 

spectroscopy. 

RESULTS: 

V'O2peak was lower at POST vs. PRE (-23.9±9.0%, p<0.001). V'O2peak at POST was lower than V'O2 at 

the same workload at PRE (-8.4±15.6%, p<0.050). Peak power output and time to exhaustion decreased 

at POST by -23.7±14.3% and -18.3±11.3%, respectively (p<0.005). At POST the increase of Δ[deoxy(Hb + 

Mb)] as a function of work rate, from unloaded to peak, was less pronounced (from 20.2±10.1 to 

64.5±21.1% of limb ischemia at PRE to 16.9±12.7 to 44.0±18.9% at POST). Peak Δ[deoxy(Hb+Mb)] values 

were lower at POST (by -31.2±20.5%; p<0.001). 

CONCLUSIONS: 

trail running leads to impairment in skeletal muscle oxidative metabolism, possibly related 

to muscle damage from repeated eccentric contractions. In association with other mechanisms, the 

impairment of skeletal muscle oxidative metabolism is likely responsible of the reduced 

exercise capacity and tolerance during and following these races. 

 

Cognitive performance is associated with cerebral oxygenation and 

peripheral oxygen saturation, but not plasma catecholamines, during graded 

normobaric hypoxia. 
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Williams TB, Corbett J, McMorris T, Young JS, Dicks M, Ando S, Thelwell RC, Tipton MJ, 

Costello JT. 
Exp Physiol. 2019 Jun 13. doi: 10.1113/EP087647. [Epub ahead of print] 

PMID: 31192502 

https://physoc.onlinelibrary.wiley.com/doi/abs/10.1113/EP087647 

Abstract 

NEW FINDINGS: 

What is the central question of this study? What are the mechanisms responsible for the decline 

in cognitive performancefollowing exposure to acute normobaric hypoxia? What are the main findings 

and their importance? We found that 1) performance of a complex central executive task (n-back) was 

reduced FiO2 0.12; 2) there was a strong correlation between performance of the n-back task and 

reductions in SpO2 and cerebral oxygenation; and 3) plasma adrenaline, noradrenaline, cortisol, and 

copeptin were not correlated with cognitive performance. 

ABSTRACT: 

It is well established that hypoxia impairs cognitive function; however, the physiological mechanisms 

responsible for these effects have received relatively little attention. This study examined the effects of 

graded reductions in fraction of inspired oxygen (FiO2 ) on oxygen saturation 

(SpO2 ), cerebral oxygenation, cardiorespiratory variables, activity of the sympathoadrenal system 

(adrenaline, noradrenaline) and hypothalamic-pituitary-adrenal axis (cortisol, copeptin), 

and cognitive performance. Twelve healthy males (mean [SD], age: 22 [4] yrs, height: 178 [5] cm, mass: 

75 [9] kg, FEV1 /FVC ratio: 85 [5] %) completed a 4-task battery of cognitive tests to examine inhibition, 

selective attention (Eriksen Flanker), executive function (n-back) and simple and choice reaction time 

(Deary-Liewald). Tests were completed before and following 60 minutes of exposure to FiO2 0.2093, 

0.17, 0.145, and 0.12. Following 60 minutes of exposure response accuracy in the n-back task was 

significantly reduced in FiO2 0.12 compared to baseline (82 [9] vs. 93 [5] %; p < 0.001) and compared to 

all other conditions at the same time point (FiO2 0.2093: 92 [3] %, FiO2 0.17: 91 [6] %, FiO2 0.145: 85 [10] 

%, FiO2 12: 82 [9] %; all p < 0.05). The performance of the other tasks was maintained. Δ accuracy and Δ 

reaction time of the n-back task was correlated with both Δ SpO2 (r (9) = 0.66; p < 0.001 and r (9) = - 

0.36; p = 0.037 respectively) and Δ cerebral oxygenation (r (7) = 0.55; p < 0.001 and r (7) = - 0.38; 

p = 0.045 respectively). Plasma adrenaline, noradrenaline, cortisol and copeptin were not significantly 

elevated in any condition or correlated with any of the tests of cognitive performance. These findings 

suggest that reductions in peripheral oxygen saturation and cerebraloxygenation, and not increased 

activity of the sympathoadrenal system and hypothalamic-pituitary-adrenal axis, as previously 

speculated, are responsible for a decrease in cognitive performance during normobaric hypoxia. 
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Abstract 
Investigation of marine mammal dive-by-dive blood distribution and oxygenation has been limited by a 

lack of noninvasive technology for use in freely diving animals. Here, we developed a noninvasive near-

infrared spectroscopy (NIRS) device to measure relative changes in blood volume and haemoglobin 

oxygenation continuously in the blubber and brain of voluntarily diving harbour seals. Our results show 

that seals routinely exhibit preparatory peripheral vasoconstriction accompanied by increased cerebral 

blood volume approximately 15 s before submersion. These anticipatory adjustments confirm that blood 

redistribution in seals is under some degree of cognitive control that precedes the mammalian dive 

response. Seals also routinely increase cerebral oxygenation at a consistent time during each dive, 

despite a lack of access to ambient air. We suggest that this frequent and reproducible reoxygenation 

pattern, without access to ambient air, is underpinned by previously unrecognised changes in cerebral 

drainage. The ability to track blood volume and oxygenation in different tissues using NIRS will facilitate 

a more accurate understanding of physiological plasticity in diving animals in an increasingly disturbed 

and exploited environment. 

 

Pre-frontal Cortical Activity During Walking and Turning Is Reliable and 

Differentiates Across Young, Older Adults and People With Parkinson's 

Disease. 
Stuart S, Belluscio V, Quinn JF, Mancini M. 
Front Neurol. 2019 May 22;10:536. doi: 10.3389/fneur.2019.00536. eCollection 2019. 
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Abstract 
Introduction: Mobility declines with age and further with neurodegenerative disorders, such as 

Parkinson's disease (PD). Walking and turning ability, in particular, are vital aspects of mobility that 

deteriorate with age and are further impaired in PD. Such deficits have been linked with reduction in 

automatic control of movement and the need for compensatory cognitive cortical control via the pre-

frontal cortex(PFC), however the underlying neural mechanisms remain unclear. Establishing and using 

a robust methodology to examine PFC activityduring continuous walking and turning via mobile 

functional near infra-red spectroscopy (fNIRS) may aid in the understanding of mobility deficits and help 

with development of appropriate therapeutics. This study aimed to: (1) examine test re-test reliability of 

PFC activity during continuous turning and walking via fNIRS measurement; and (2) compare 

PFC activity during continuous turning and walking in young, old and Parkinson's 

subjects. Methods: Twenty-five young (32.3 ± 7.5 years), nineteen older (65.4 ± 7.0 years), and twenty-

four PD (69.3 ± 4.1 years) participants performed continuous walking and 360° turning-in-place tasks, 

each lasting 2 min. Young participants repeated the tasks a second time to allow fNIRS measurement 

reliability assessment. The primary outcome was PFC activity, assessed via measuring changes in 

oxygenated hemoglobin (HbO2) concentrations. Results: PFC activity during continuous walking and 

turning was moderately reproducible (Intra-class correlation coefficient = 0.67). The PD group had 

higher PFC activation than young and older adults during walking and turning, with significant group 

differences for bilateral PFC activation (p = 0.025), left PFC activation (p = 0.012), and the early period 

(first 40 s) of walking (p = 0.007), with greater activation required in PD. Interestingly, older adults had 

similar PFC activation to young adults across conditions, however older adults required greater 
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activation than young adults during continuous turning, specifically the early period of the turning task 

(Cohens d = 0.86). Conclusions: PFC activity can be measured during continuous walking and turning 

tasks with acceptable reliability, and can differentiate young, older and PD groups. PFC activation was 

significantly greater in PD compared to young and older adults during walking, particularly when 

beginning to walk. 
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Abstract 
Previous research showed that children's physical activity is positively related to executive functions, 

whilst screen time shows negative associations. However, it is unclear how school-based sitting time 

and transitions from sitting to standing relate to cognition. We investigated the relationship 

between class time sitting/stepping/sit-to-stand transitions and cognitive functions in Grade 1-2 children. 

Overall, 149 children (7.7 ± 0.6 years old, 54% boys) participated. Measures included class 

time sitting/stepping/sit-to-stand transitions and: (i) response inhibition (i.e., response time and 

accuracy); (ii) lapses of attention; (iii) working memory; and (iv) brain activity (cortical haemodynamic 

response). Linear mixed-models, adjusting for age, sex, and clustering at the classroom level, found that 

more sitting time was associated with higher lapses of attention (β = 0.12, p < 0.05). Children who 

stepped more had quicker inhibition response time (β = -0.95, p < 0.01); however, they were less 

accurate in their responses (β = -0.30, p < 0.05) and this was also observed with sit-to-stand transitions 

(β = -0.26, p < 0.05). No associations were found with brain activity. In conclusion, reducing and 

breaking up sitting may help keep children focused, but the evidence regarding response inhibition is 

unclear. 
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Abstract 
Objective: We investigated the respiratory and vastus lateralis oxygenation responses to exhaustive, 

constant-load cycling at two exercise intensities. 

Methods: Eight moderately-trained male randomly cycled to exhaustion at 75% and 85% of maximal 

work-load (CL75 and CL85, respectively) measured during a maximal incremental test. From continuous 

recordings of respiratory variables and near-infrared spectroscopy signals of the vastus lateralis muscle, 

VO2 slow component (SC) and deoxyhemoglobin (HHb) SC were calculated. 

Results: At exhaustion, VO2 (+19 ± 25%), VO2 SC (+59 ± 24%) and minute ventilation (+14 ± 14%) were 

significantly higher during CL85 vs. CL75, whereas oxyhemoglobin (-67 ± 22%) and total hemoglobin (-

36 ± 3%) responses were lower (all p<0.05). Additionally, VO2 SC during CL75 and CL85 were strongly 

correlated (r=0.88, p<0.001). The HHb SC did not differ between CL75 and CL85 (3.10 ± 0.75 vs. 3.44 ± 

1.1 A.U, respectively; p=0.60). HHb SC and VO2 SC during CL85 (r=0.94, p<0.001), but not during CL75 

(r=-0.08, p=0.90), were correlated. Finally, HHb SC during CL75 and CL85 were unrelated (r=-0.20, 

p=0.70). 

Conclusion: Our results highlight that only the contribution of locomotor muscles to the VO2 SC 

magnitude is affected by the exercise intensity and not that of ventilation. 

 


