
Abstract
Exercise intensity from stretching is very low, making it well suited to

varied populations, including physically inactive people. We tested the

hypothesis that acute stretching would improve cognitive function and

improved mood states in physically inactive people. We asked 19 physically

inactive young participants to perform the Stroop task and complete the

short form of Profile of Moods Scale before and after 10 minutes of whole

body stretching using yoga techniques and poses (stretching condition)

versus a resting period. In the stretching condition, we observed decreases

in Tension–Anxiety, Depression–Dejection, Anger–Hostility, Fatigue, and

Confusion scores on the Profile of Moods Scale (all p values < .01) and an

increase in the Vigor score (p = .01). We also observed a decrease in Stroop

interference performance (p < .001). Furthermore, we found a significant

negative correlation between ΔVigor score and ΔStroop interference (r = 
−.36, p = .03), indicating that a greater increase in the Vigor score was

associated with better cognitive performance. Thus, acute stretching

improved mood states and cognitive performance in physically inactive

people. We suggest that the improved cognitive performance may be, at

least partly, associated with the improved mood states.

Introduction
Cognitive function refers to a wide range of different mental problem-

solving processes, including memory, attention, language, novel problem-

solving, and planning (Pessoa, 2008). Prior research has suggested that

acute exercise improves cognitive function (Brisswalter, Collardeau, &

René, 2002; Chang, Labban, Gapin, & Etnier, 2012; Crush & Loprinzi, 2017;

Lambourne & Tomporowski, 2010; McMorris, 2016). A meta-analytic review

indicated that, although effect sizes are small, even exercise at low

intensity has potential to benefit cognitive function (Chang et al., 2012). In

healthy and active people, exercise may not be perceived as stressful, but

perceptions of stress vary from individual to individual, and exercise could

be a stressor for some individuals, perhaps particularly those with

sedentary lifestyles.

Sedentary behavior is currently described as a major mortality risk

(Rezende et al., 2016). More than five million deaths have been attributed

indirectly to physical inactivity (Wen & Wu, 2012). Sedentary behavior and

physical inactivity are associated with numerous negative health concerns,

including cognitive function (Carter, Hartman, Holder, Thijssen, & Hopkins,

2017; Pedersen, 2009). In contrast, physical activity has been found to

reduce cardiovascular disease and mortality risk (Lear et al., 2017) and to

improve cognitive function and mood states (Basso & Suzuki, 2017;

Lichtman & Poser, 1983; Mandolesi et al., 2018). It is not clear whether low-

intensity exercise will benefit cognitive function and mood states, but this

is an important research question, as low-intensity exercise may be better

suited to physically inactive people for whom exercise may be most

important.

Stretching is considered very low-intensity exercise, making stretching well

suited to a broad, varied population, including inactive people. Stretching is

often recommended to improve flexibility and optimize movement

efficiency (Powers & Howley, 2012). Furthermore, acute stretching is

known to have beneficial effects on mood states (Nagamatu & Kai, 2014;

Sudo, Ando, & Nagamatu, 2015). Interestingly, a recent functional magnetic

resonance imaging study reported that positive mood states activate

specific brain areas including the medial prefrontal cortex, posterior

cingulate cortex, and striatum (Subramaniam et al., 2016). Subramaniam

et al. (2016) indicated that brain activation induced by positive mood states

is associated with improvement in cognitive performance.

Given the foregoing literature on benefits of exercise (especially for

physically inactive adults), mood benefits from low-intensity stretching, and

associations between positive mood and better cognitive functioning, we

hypothesized that physically inactive people might experience both

improved mood states and improved cognitive functioning through acute

stretching. Thus, the present study sought to examine the effects of acute

stretching on cognitive function and mood states in a group of physically

inactive young adults. We examined how acute stretching alters mood

states and physiological parameters including salivary cortisol

concentration and balance of the autonomic nervous system and tested

the specific hypothesis that acute stretching would improve cognitive

function and mood states in physically inactive people. We hoped that

characterizing the impact of acute static stretching might facilitate the

design and implementation of exercise interventions to emphasize the

importance of physical activity in self-care related to cognitive functions

and mood management among physically inactive people.

Methods

Participants

We recruited 19 male volunteers (M  = 22.3 years, SD = 0.8 years) through

posters and determined their physical activity level with a physical activity

questionnaire (International Physical Activity Questionnaire, Short-Version;

Craig et al., 2003). They showed a mean level of physical activity of 179.6

(SD = 215.3) minutes/week, confirming their relative physical inactivity.

Participants were normotensive and free from cardiovascular, metabolic,

or neurological diseases; all gave advanced written informed consent to

participate in this research.

Cognitive Function, Mood, and Other Assessment Measures

We used the Stroop Color–Word task to assess cognitive function (Stroop,

1935; Yanagisawa et al., 2010). Visual stimuli were controlled by a visual

stimulus presentation system (Multi-PAS System, PTS-141, DKH, Tokyo,

Japan). Visual stimuli were presented in one of four colors (blue, green, red,

or yellow), and four response buttons were located on a desk in front of

the participants. Every button corresponded to a specific response color

and was marked with that color. One testing block consisted of 12 neutral,

12 congruent, and 12 incongruent trials. In the neutral trials, the word “X”
appeared in the center of the computer display, and the participants

pressed the button of the color of “X” as quickly and accurately as possible.

In the congruent and incongruent trials, words were illustrated in Chinese

character (Japanese Kanji). In the congruent trials, the word of each color

appeared in a congruent color (e.g., the word that means “blue” printed in

blue), and the participants pressed the button of the responding color. In

the incongruent trials, the word of each color appeared in an incongruent

color (e.g., the word that means “yellow” printed in red). The participants

were asked to press the button of the color of the ink (in the

aforementioned example, “red”). In the present study, reaction time (RT)

and accuracy of the Stroop task were used to assess cognitive function. In

the incongruent trials, two conflicting sources of color information cause a

competing effect. This is known as the Stroop interference score, a valid

indicator of cognitive function (Schroeter, Zysset, Kupka, Kruggel, & Yves

von Cramon, 2002; Tsukamoto et al., 2016; Yanagisawa et al., 2010). The

Stroop interference was calculated as [(RT of incongruent task – RT of

neutral task)/RT of neutral task × 100] (Ikeda, Hirata, Okuzumi, & Kokubun,

2010; Tsukamoto et al., 2016).

The Profiles of Mood States (POMS) has been used to assess mood (Boyle,

1987), and it has been recommended as a reliable and valid measure

(Gibson, 1997). In the present study, we used the Japanese short form of

Profile of Mood States (POMS-S) to assess mood states (Izawa et al., 2007;

Yokoyama, Araki, Okajima, Nomura, & Okuyama, 1993). POMS-S is a 30-

item questionnaire that measures the degree to which the respondent

acknowledges experiencing six mood states (Tension–Anxiety, Depression–
Dejection, Anger–Hostility, Vigor, Fatigue, and Confusion) on a 5-point

scale. The internal reliability of this instrument was confirmed by

Yokoyama et al. (1993).

We also obtained ratings of perceived exertion (RPE; Borg, 1975). RPE is a

measure of subjective feelings of exertion during physical activity (Borg,

1975; Stamford, 1976), and RPE reflects the integration of a variety of

perceptual cues including afferent feedback from cardiovascular and

pulmonary systems (Hampson, St Clair Gibson, Lambert, & Noakes, 2001).

We also collected a salivary sample from all participants using a cotton

device (Salivette® system, Sarstedt, Nümbrecht, Germany) to examine

whether acute stretching affects a stress biomarker. A salivary sample was

centrifuged at 3,000 rpm for 15 min and frozen until analysis. Salivary

cortisol concentrations were determined by a commercially available kit.

We measured heart rate (HR) from the R-R interval of electrocardiogram

(ECG) using a three-lead system. The largest wave in the QRS complex is

the R wave, and the R-R interval is the interval between successive R waves

(Guyton & Hall, 2006). We digitized the analog output of the ECG at a

sampling rate of one kHz using a PowerLab analog-to-digital converter

(ML880/P PowerLab16/30, A/D instruments Japan, Nagoya, Japan). We

calculated low-frequency (LF: 0.04–0.15 Hz) and high-frequency (HF: 0.15–
0.40 Hz) bands of the spectral density of the HR variability using HR

variability analysis software (A/D instruments Japan, Nagoya, Japan), and

the ratio of LF to HF (LF/HF) was used as an index for the balance of the

sympathetic and parasympathetic nervous systems (Pagani et al., 1986).

We used the ratio of LF/HF to investigate whether acute stretching affects

the balance of the sympathetic and parasympathetic nervous systems.

Experimental Procedure

The participants underwent the two experimental conditions at the same

time on two different days. On each day, the participants arrived at the

laboratory at least 1 hour before the experiment and rested until it began.

The participants completed the stretching and control (resting)

experimental conditions in a counterbalanced order. At the beginning of

the experiment, we obtained RPE and collected a saliva sample. The

participants completed the POMS-S, the Stroop Color–Word Test, and ECG

measurement for four minutes. After we gathered these measurements,

on the day of the stretching condition, participants performed a static

stretching program, based on yoga methods. Prior research has shown

that yoga training can benefit mental health (Yoshihara, Hiramoto, Sudo, &

Kubo, 2011). The stretching program in this research was a 10-minute

whole body stretching exercise using yoga techniques and poses; its details

were previously reported (Nagamatu & Kai, 2014). On the day of the

control condition, participants rested for the same duration (i.e., 10

minutes) as the stretching condition. Following either the stretching or

resting period, we gathered the same assessment measurements as were

first gathered. All participants refrained from using any electronic devices

during the resting period.

Statistical Analysis

To estimate an appropriate sample size, we first conducted a power

analysis using G-power version 3.1 (Erdfelder, Faul, & Buchner, 1996). For a

repeated measures analysis of variance (ANOVA), we set power at 80%, the

effect size at 0.25 (medium), and a statistical significance level of p < .05. We

found that at least 17 participants were required to meet these criteria. We

assessed data distribution using descriptive methods (skewness, outliers,

and distribution plots) and inferential statistics (Shapiro–Wilk test). After

confirming normal distributions, we used a three-way repeated measures

ANOVA with variables of Cognitive Task (neutral, congruent, and

incongruent); Experimental Condition (stretching vs. resting); and Time

(pre- vs. postcondition) as within-participants factors for RT on the Stroop

Color–Word Test. We conducted a two-way repeated measures ANOVA

with just Condition and Time as within-participants factors on the Stroop

interference score and HR. When an interaction was observed, we

performed a paired t test with Bonferroni correction. We also used a

paired t test to compare precondition values of the Stroop interference

score between conditions. Effect sizes are presented as partial eta squared

(η ). In the present study, accuracy measure of the Stroop Color–Word

task, mood states scores, cortisol concentration, RPE, and LF/HF ratio were

not normally distributed. Thus, we used the Wilcoxon signed-rank test with

Bonferroni correction for these parameters. We performed correlation

analyses between changes in the Stroop interference score and mood

states scores using Spearman’s correlation test. All data are expressed as

means Ms and SDs or medians (interquartile range). We set the significance

level for inference tests at p < .05. All statistical analyses were performed

using IBM SPSS Statistics 22.0.

Results
Figure 1(a) summarizes RT findings on the Stroop Color–Word Test for

participants in this research. There was a significant triple interaction

between Task, Condition, and Time, F(2, 36) = 12.0, p < .001, η  = .40. Hence,

we performed a two-way ANOVA for each task. For the neutral task, there

were no significant main effects or interaction effect on RT. For the

congruent task, there was a significant interaction between Condition and

Time on RT, F(1, 18) = 9.4, p = .007, η  = .34. Further analysis revealed that

RT decreased in the stretching condition (p = .02). In contrast, there was no

significant RT difference in the control condition. For the incongruent task,

there was a significant main effect of Time on RT, F(1, 18) = 25.8, p < .001,

η  = .59, indicating that, in the incongruent task, RT decreased in both

conditions.

Figure 1(b) shows the Stroop interference score before and after the

stretching or resting period. While there was no significant difference in

prevalues between conditions, we observed a significant interaction

between Condition and Time, F(1, 18) = 8.2, p = .01, η  = .31. Post hoc

analysis indicated that the Stroop interference score decreased in the

stretching condition (p < .001), while it did not change in the control

condition.

Table 1 shows the results of the accuracy score of the Stroop Color–Word

Test, the POMS-S scores, and physiological parameters. Participants scored

at high levels on the accuracy score of the Stroop Color–Word Test in both

conditions, and stretching did not affect the accuracy score. The Tension–
Anxiety score decreased in the stretching condition (p = .002), while the

change was not statistically significant but reflected only a trend in the

control condition (p = .09). The Depression–Dejection score decreased in

the stretching condition (p = .003) but was unchanged in the control

condition. Similarly, stretching changed the Anger–Hostility (p = .005),

Fatigue (p = .001), Vigor (p = .01), and the Confusion scores (p = .005).

Collectively, these results demonstrated that mood states scores improved

only in the stretching condition. We found no significant changes in cortisol

concentration, RPE, HR, or LF/HF in either condition.

Table 2 shows the results of correlational analyses between changes in the

Stroop interference score and mood states. We observed a significant

negative correlation between ΔVigor score and ΔStroop interference (r = 
−.36, p = .03). In contrast, we observed no correlations between changes in

Stroop interference and other mood states. These results suggest that a

greater increase in the Vigor score was associated with better cognitive

performance.

Discussion
We observed a significant decrease in the Stroop Color–Word Test

interference score after a short (10-minute) period of stretching (yoga

poses) but not after a rest-only condition in our sample of physically

inactive young adults. Given that the Stroop interference is a useful

indicator of cognitive function (Schroeter et al., 2002; Tsukamoto et al.,

2016; Yanagisawa et al., 2010), these results suggest that low-intensity

acute stretching improved cognitive function. We also observed

improvements in several mood states after stretching and in some after

rest, whereas physiological parameters were unchanged. Thus, cognitive

improvements are not ascribed to physiological alterations. Interestingly,

brain regions viewed as “cognitive” are also involved in emotion, making

cognition and emotion integrated in brain functioning (Pessoa, 2008) and

suggesting that improved cognitive function may be associated with

improved mood states in our research. We found that the Tension–
Anxiety, Depression–Dejection, Anger–Hostility, Fatigue, Vigor, and

Confusion scores improved only in the stretching condition. It is likely that

improvements in these mood states were associated with improvements

in cognitive function. Prior research has suggested that brain activation

induced by positive mood potentially improves cognitive function

(Subramaniam et al., 2016). Hence, changes in these mood scores on the

POMS may relate to cognitive improvements in our participants.

Particularly, given that the greater increase in Vigor was associated with

better cognitive performance, an increased in Vigor might play a key role in

cognitive improvement in the present study. As prior research has

indicated a role for neurotransmitters in the brain in altered mood states

(Mandolesi et al., 2018), we might speculate that alterations in

neurotransmitter contribute to the mood benefits of acute stretching.

Nevertheless, it is premature to conclude that improvements in mood

states directly improved cognitive function. Rather, acute stretching may

indirectly or collectively activate brain areas related to cognitive function in

physically inactive people. Further studies are required to confirm the

underlying mechanisms of this change.

Perception of exertion involves integrating various perceptual cues,

including afferent feedbacks (Hampson et al., 2001). We observed only

small and insignificant increases in RPE in both stretching and resting

conditions and can assume that the alterations in RPE were not associated

with cognitive improvements. However, this minimal evidence of increased

perceived exertion from stretching affirms that stretching is a low-intensity

exercise.

Among this study’s limitations are its small and restricted participant

sample size. Our a priori power analysis suggested that 17 participants

were needed, assuming a medium effect size, meaning that we may have

lacked sufficient statistical power to detect small effect size differences

among these variables. As we recruited only physically inactive young

adults, the apparent beneficial effects of acute stretching may be limited to

these people. We did not compare the effects of acute stretching and

exercise at higher levels of intensity even in this population. Of course, our

measures of changed mood states were based on our participants’ self-

reports, and we cannot rule out the possibility that they discerned the

research hypothesis and responded on mood measures in a fashion

designed to please the researchers. Clearly, there is a need for further

research to cross-validate and extend the meaning of these findings.
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Figure 1. (a) Reaction time in the neutral, congruent, and incongruent trials and

(b) the Stroop interference. ***p < .001 between pre and post in the stretching

condition.
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Table 1. Accuracy Score of the Stroop Color–Word Test, Mood State Scores, and

Physiological Parameters Before and After the Stretching and Control

Conditions.

Variable

Stretching Control

Pre Post Pre Post

Accuracy score of the
Stroop Color–Word Test,
%

95
(90–
100)

95
(90–
100)

95
(90–
100)

100
(95–
100)

Tension–Anxiety 4 (2–9) 2 (0–
6)**

4 (3–6) 2 (1–6)

Depression–Dejection 2 (0–4) 1 (0–
3)**

3 (0–3) 1 (0–4)

Anger–Hostility 1 (0–3) 0 (0–
0)**

0 (0–2) 0 (0–1)

Fatigue 6 (3–8) 2 (2–
5)**

4 (2–7) 3 (0–6)

Vigor 5 (1–6) 6 (4–
9)*

6 (1–9) 5 (2–9)

Confusion 6 (4–9) 5 (3–
6)**

6 (4–7) 5 (4–7)

Cortisol, mg/dl 0.11
(0.09–
0.17)

0.11
(0.10–
0.16)

0.15
(0.08–
0.21)

0.14
(0.10–
0.17)

Ratings of perceived
exertion

7 (7–9) 9 (7–
10)

7 (7–9) 7 (7–9)

Heart rate, beats/min 73.4 ± 
9.1

72.8 ± 
9.1

74.9 ± 
11.5

74.4 ± 
10.8

Low frequency/high
frequency

1.3
(0.6–
2.3)

1.2
(0.4–
2.1)

1.4
(0.4–
2.4)

1.5
(0.7–
2.5)

Note. Values are mean ± standard deviation or median (interquartile range).

*p < .05. **p < .01.
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Table 2. Correlation Coefficients Between Changes in Stroop Interference and

Mood States.

Variable ΔStroop interference

ΔTension–Anxiety −0.04

ΔDepression–Dejection 0.14

ΔAnger–Hostility 0.17

ΔFatigue 0.24

ΔVigor −0.36*

ΔConfusion 0.22

*p < .05.
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