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Supplementary A 

A comparison of baseline mood state between CON and RUN 

 

Consider the baseline values, there was no significant difference in arousal level and 

pleasure level between groups (t(25) = 0.48, p = 0.638 and t(25) = 1.47, p = 0.155, respectively; 

paired t-test) as shown in Fig. 1. 

 

 

 

Fig. 1. Demonstrate change of mood state between CON and RUN sessions: (a) arousal level and (b) pleasure level. 

n.s. = non-significant different 
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Supplementary B 

B.1. Cortical activation patterns in response to the CWST 

 

 

Fig 2. Cortical activation pattern during performed the color-word Stroop task (CWST) in the post-session of 

exercise, demonstrating in the 6 regions of interest (ROIs). Red and blue line indicated Oxy- and deoxy-Hb signals 

respectively. 
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B.2. Cortical activation in response to the Stroop interference 

 

 

 

 

Fig 3. Prefrontal activation in response to the Stroop interference [incongruent - neutral], demonstrating in the 6 

regions of interest (ROIs). 
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Supplementary C 

C.1. V
．

O2peak determination 

Maximal oxygen uptake (V
．

O2peak) was firstly determined to indicate appropriate 

individual intensity of moderate exercise that was 50%V
．

O2peak based on the definition of 

exercise intensity of the American College of Sports Medicine. 1 

A treadmill (Pulsar® h/p/cosmos, Germany) was used for incremental exercise test. The 

test began with 2 min resting and 3 min warm-up at 5 km/hr (female: 4 km/hr). Then, a treadmill 

speed was increased 1 km/hr every minute with maintaining treadmill slope at 0.1% until the 

subject reached volitional exhaustion, and continuously follow by 3 min cool-down to complete 

the test.2 Heart rate (HR) and rate of perceived exertion (RPE) were recorded every minute.3 

Gas analyzer (Aeromonitor AE300, Minato Medical Science, Japan) was used for measuring 

ventilation parameters those were oxygen consumption (V
．

O2), Carbon dioxide production 

(V
．

CO2) and respiratory exchange ratio (R) with sampling rate 0.1 Hz.4 V
．

O2peak was determined 

if the subject met 2 of the following criterias: R > 1.15, + 10 bpm of age predicted maximal HR 

or RPE = 19-20.5 Physiological parameters and treadmill speed at volitional exhaustion were 

shown in Table 1.   

 

Table 1. Physiological parameters and treadmill speed at volitional exhaustion (n=26). 

 Male (n=18) Female (n=8) 

HR (bpm) 191.06 + 10.42 194.88 + 5.36 

RPE 19.44 + 0.62 19.00 + 0.93 

R 1.11 + 0.04 1.12 + 0.03 

V
．

O2peak (ml/kg/min) 53.05 + 7.62 39.79 + 5.63 

Treadmill speed (km/hr) 17.61 + 2.35 13.88 + 1.64 

Values are mean + SD, HR = heart rate, RPE = rate of perceived exertion, R = respiratory exchange ratio, V
．

O2peak 

= maximal oxygen uptake 

 

To define exertion needed to achieve 50%V
．

O2peak, V
．

O2 (x-coordinate) was plotted against 

the treadmill speed (y-coordinate). Then, the treadmill speed at 50%V
．

O2peak was determined by 

a simple linear regression formula that calculated from Microsoft Excel.6 This calculated 

treadmill speed was assigned as the exertion during 10 min running. 
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C.2. Investigation of non-cortical physiological changes induced by exercise. 

Exercise induced whole-body physiological changes. To measure cortical hemodynamic 

after exercise by using Functional near-infrared spectroscopy (fNIRS), it was necessary to 

determine how did non-cortical physiological parameters such as skin blood flow (SBF) and HR 

change to specify proper fNIRS measurement time after exercise to eliminate possible signal 

contamination.7  

A laser-Doppler probe (FLO-C1, OMEGAWAVE, Japan) was attached at Fpz of the 

international 10-20 system to assess SBF. End-tidal carbon dioxide (ETCO2) which could 

indicate cardiac output and pulmonary blood flow was measured by gas analyzer (Aeromonitor 

AE300, Minato Medical Science, Japan).8 The experiment protocol started with 3 min rest, 

continuing with 10 min moderate-intensity running and rest again for 20 min. SBF, HR, V
．

O2 

and ETCO2 were monitored every minute through the experiment. Six Japanese young adults (2 

females) participated in the study: mean age 23.67 + 2.25 years [range 22-28], weight 59.68 + 

7.64 kg, height 164.66 + 5.46 cm, V
．

O2peak 48.16 + 8.64 ml/kg/min. Non-cortical physiological 

change induced by exercise were shown as Fig 1. 
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Fig 4. Illustrations of the non-cortical physiological parameters at baseline (set at 100%), during 10 min moderate-

intensity running and 20 min rest. Inter-subject mean at each time point were plotted with error bar indicated by 

standard deviations. Time points with significant change compared to the baseline was shown with asterisks (p < 

0.05, one-way ANOVA with Dunnett correction). 

 

During the last minute of running, the subjects could perform moderate intensity exercise 

based on ACSM, 2017: V
．

O2 51.79 + 4.63%V
．

O2peak, HR 67.53 + 4.31%HRmax, RPE 10.17 + 

1.94. The SBF was observed significant increase from 9 min after beginning of running until 

1min of recovery period. HR and ETCO2 showed similar response in that significant increase 
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was found from 2 min after beginning of running until 1 min and 3 min of recovery period 

respectively.  

Taken together, all non-cortical physiological variables were observed significant change 

during running and returned to the baseline within 4 min in recovery period. However, an 

individual difference in recovery time was found. In slowest recovery case, the subject took 14 

min to completely return the physiological variables to the baseline. Therefore, in our point of 

view, 15 min after finishing running was the appropriate time to start measuring cortical 

hemodynamic by fNIRS to avoid possible signal contamination (Main text, Fig. 6). 
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Supplementary D 

Short Report for McNemar Test (Modified after Siegel, Sidney & Castellan, 1988) 

  

Origin: first introduced by McNemar, Quinn in 1947 

General use of this test: to test the difference between two associated* proportions/frequencies 

in 2 x 2 dichotomous variables (can be repeated / matched measure) where an ordinary chi-

square test is inappropriate due to the violation of assumptions of independence.  

 

*This test can be also used for independent observations. 

 

Advantages of using this method in the currently submitted article:  

1. Because a large variability within participants and restricted range-like problem after the 

treatments due to the nature of the manipulation made the association ambiguous, it was 

not appropriate and robust to use parametric tests such as Pearson r for the data.   

2.  In addition, observations of not strong interest (ones with no changes between pre and 

post treatment) appeared to distort the results for ordinary nonparametric tests such as 

Spearman rank-order correlation and Kendall’s tau.  

3. As a result, McNemar test was employed because directionality of the variability in the 

data was consistent despite the problems discussed above, and McNemar test was able 

to eliminate influences from uninterested observations (diagonal cells A & D in Table 1 

below). 

 

Data format: 

Table 1.  Data format for McNemar test 

   Pre  

  1 0 Total 

 1 A B A+B 

Post 0 C D C+D 

 total A+C B+D A+B+C+D 

 

Notes: frequency of positive (1) and change (0) infection pre and post the medication 
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Assumptions for McNemar test: 

1. Variables should be dichotomous where diagonal (A & D) represent unchanged 

observations.  

2. It is commonly used for repeated / matched measures*.    

*This test can be also used for independent observations. 

3. Sample size: summed frequency at diagonal A + D should be larger than 10.  

 

Hypothesis to be tested: 

H0: p (pre = 0, post = 1) =  p (pre = 1, post = 0) 

H1: p (pre = 0, post = 1)  p (pre = 1, post = 0) 

 

Formula for ZMcNemar and  2
McNemar: 

 

 ZMcNemar = 
|FreqB - FrecC| - 1

√FreqB + FrecC
 , df = (rows - 1) (columns - 1) = 1 

 2
McNemar = 

(|FreqB - FrecC| -1)2

FreqB +FreqC
 , df = (rows - 1) (columns - 1) = 1 

 

Problem and justification to use this method: Since this test compares p(pre = 1, post = 0) and 

p(pre = 0, post = 1), it ignores the effects of two other probabilities p(pre = 1, post = 1) =and 

p(pre = 0, post = 0).  As shown below, data from Table 5 and Table 6 indicates the same 

significance level, but interpretation of result would be different.  As opposed to the data from 

Table 4, the data 2’s effect is actually larger. In other words, ratio of decreasing positive 

infection is larger compared with remaining cells. However, in the current study, our purpose 

was to find the directionality of change after the treatment ignoring the observations that did not 

change between pre and post treatments, this test fitted our aim. 
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